AO-A042  195  CALIFORNIA  REGION  FRAMEWORK  STUDY  COMMITTEE  F/6  8/6 

COMPRENSIVE  FRAMEWORK  STUDY.  CALIFORNIA  REGION.  MAIN  REPORT. (U) 

OCT  71 

UNCLASSIFIED  NL 


COMPREHENSIVE  FRAMEWORK  STUDY 

CALIFORNIA  REGION 

r.  V 


;!  L'is  b-ror;  : 

: acd  lala;  i.s  I 

is  urjiioltad. 


QflaJn 


OREGON 


‘ JUL  28  1977 

I 

A 


OriGINAL  CONTAINS  COLOR  PLATES:  ALI.  DOC 
vREPRCD'JCTlGNS  WILL  EE  IN  BLACK  AND  WHITI 


IDAHO 


WYOMING 


NEVADA 


UTAH 


COLORADO 


: •: 

L.  .3  k-  ’ - 


ARIZONA 


NEW 

MEXICO 


. 


OCTOBER  1971 

Prepared  by: 

California  Region  Fromework  Study  Committee 

For  Pacific  Southwest  Inter-Agency  Committee  j 

Water  Resources  Council  L 


r — 


The  following  publications  have  been  prepared  under  the 
Calitornia  Region  Comprehensive  Framework  Study: 


Histor>'  of  Study 
The  Region 

Legal  and  Institutional  Environments 

Economic  Base  and  Projections 

Water  Resources 

Land  Resources  and  Use 

Mineral  Resources 

Watershed  Management 

Flood  Control 

Irrigation  and  Drainage 

Municipal  and  Industrial  Water 

Rec  reat ion 

Fish  and  Wildlife 

Electric  Power 

Water  Quality,  Pollution  and 
Health  Factors 

Shoreline  Protection  and  Development 
Navigat ion 

General  Prograjii  and  Alternatives 


J 


Main  Report 
Appendixes 
I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

A 

XI 

XII 

XIII 

XIV 

:oj 

XVI 

XVII 

XVIII 


Comprensive  framework  ^tudy- 
CALIFORNIA  REGION-  ! 


MAIN  REPORT, 


This  report  of  the  California  Region  Fromework  Study  Committee  was  prepared 
at  field-level  and  presents  o framework  program  for  the  development  and  manage- 
ment of  the  water  and  related  land  resources  of  the  California  Region.  This  report 
is  subject  to  review  by  the  interested  Federal  agencies  at  the  department  level,  by 
the  Governors  of  the  affected  States,  crnd  by  the  Water  Resources  Council  prior  to 
its  transmittal  to  the  Congress  for  its  cons ideration.  _ 


.4^  / 

' 

Y pCTO«€R  r971  I 


Prepared  by  the 

California  Region  Framework  Study  Committi 
For  the 

Pacific  Southwest  Inter-Agency  Committe* 


PDC 

Uli't'JNO'F'CD 

JbSri-ICATION 


□ □ 


CONTENTS 


P»«e 


SUMMARY 3 

FRAMEWORK  STUDY  COMMITTEE 6 

SPECIAL  TASK  FORCE 6 

INTRODUCTION 7 


PART  I:  REGIONAL  CHARACTERISTICS 9 

Land  Forms 9 

Geology U 

Climate 13 

History 15 

PART  II:  REGIONAL  ECONOMY 17 

People 17 

Forest  Products  17 

Agriculture 17 

Minerals 19 

Service,  Trade,  and  Transportation  19 

Economic  and  Population  Projections  ..  20 

OBERS  Projections 20 

Base  Plan  Projections 20 

Series  D-1970  Projections  21 

Food  and  FlLer  Needs 21 


PART  III:  WATER  AND  RELATED  LAND  RESOURCES  DEVELOPMENT 23 

Water  Development 23 

Siirface  Water 23 

Ground  Water 29 

Flood  Control 27 

Navigation ...  29 

Land  Development 31 

Shoreline 33 

Minerals 3^ 

Irrigation  and  Drainage 33 

Recreation 33 

Fish  and  Wildlife 33 

Electric  Power  36 

PART  rV:  WATER  AND  RELATED  lAND  RESOURCES  AVAILABILITY 39 

Surface  Water  39 

Ground  Water ^1 

Water  QuSLlity ^1 

Land **1 

Minerals ^1 


PART  V:  PROBLEMS  AND  NEEDS 

Flood  Control  

Watershed  Management  

Shoreline  

Water  Quality  and  Pollution  Control 

Recreation 

Fish  and  Wildlife  

Land  and  Water  

Commercial  Navigation  

Recreational  Navigation  ...... 

Electric  Power  


43 

43 

45 

45 

46 
49 
49 
52 
55 

57 

58 


PART  VI:  REGIONAL  COMPREHENSIVE  FRAMEWJRK  PUNS 59 

Planning  Considerations  . 59 

A Plan  for  Water  Development 59 

Costa 69 


Envlronaental  Ispacts 
Evaluation  of  Plans  • 
Legislation  Required 
Conclusions  • • • a « 
Further  Studies  • • • 
Recoonendations  # • • 


-3- 


FIGURES 


Figure 

1 Subregions  of  the  CsUfomla  Region 

2 Kean  Annual  Precipitation  

3 Econonlc  Projections  

U Food  and  Fiber  Needs  

5 Major  Reservoirs  Operating  in  196^  

6 Flood  Problea  Areas  . , , . 

7 Flood  Daaage  Distribution  

8 Public  and  Private  Land;  1969  

9 Land  Use:  I969 

10  Flood  Daaage  

11  Flood  Daaage  Prevention  ..' 

12  Erosion  Problea  Areas  

13  Shoreline  Recreation  Needs  

14  Shoreline  Erosion  Damage  

13  Water  Quality  Problem  Areas  . 

16  Recreation  Heeds  

17  Land  F.equirements 

16  Applied  Water  Requirements  

19  Connerclal  Navigation  Needs  

20  Recreational  Navigation  Needs  

21  Electric  Power  Needs 

22  Possible  Wild  and  Scenic  Rivers 

23  Ways  to  Meet  Water  Needs  

lABIES 

Table 

1 Mean  Annual  Precipitation  and  Runoff:  1931-1960  . . 

2 A Plan  for  Development;  Elements  

3 A Plan  for  Development:  unmet  Needs  

U A Plan  for  Developswnt:  Costs  ...  

PHOTOGRAPHS 

Apricot  Harvest:  Los  Banos  

Sierra  SnowpacA:  Donner  SuiBlt  . 

Grape  Irrigation;  Orange  Cove 

Cantaloupe  Packing:  Los  Banos  

Grape  Harvest:  Lodi 

Orange  Harvest:  Or land  

Englebright  Dam,  Yuba  River:  Marysville  (top)  

Frlant-Kem  Canal;  San  Joaquin  Valley  (Bottom) 

Flood-swept  Car,  Sacramento  River 

Flood-swept  Town:  Walnut  Creek 

Freighter:  San  Francisco  Bay  (Top)  

Noyo  Harbor:  Mendocino  County  (Bottom)  

Sailboats:  Folsom  Lake  

Sacramento  Lock:  Sacramento  Deep  Water  Channel  

Shoreline  Erosion:  South  Coastal  Subregion  

Pacific  Ocean  Shoreline;  Monterey  

Geese:  Sacramento  National  Wildlife  Refuge  

Ducks:  Lake  Notamas,  American  River  

King  Salmon;  Sacramento  River.  Sacrasiento 

Levee  Break:  Sherman  Island,  San  Joaquin  River  (Top  Left). 

Flooded  Home:  Sherman  Island,  San  Joaquin  River  (Top  Right) 

Levee  Repair:  Oak  Haul  Bend,  Sacramento  River  (Bottom)  . . 

Picnic:  Castro  Valley  

Fishermen:  Sacrasiento  River,  Sacramento 

Cleaning  Fish;  Frenchman  Lake,  Plumas  County  

Boaters:  Lake  Davis,  Plusuis  County 

Barley  Field:  Sacramento  . 

Freighter:  San  Francisco  Bay  (Top)  

Irrigation:  Sacramento  (Bottom)  

Water  Fun:  American  River,  Sacramento  

Pacific  Ocean  Beach:  La  Jolla  

Fishing:  Lake  Davis,  Plumas  County  

Bell  Pepper  Harvest:  Los  Banos  

Marina:  MlUerton  Lake,  Fresno 

Pesticide  Fish  Kill:  O'Banlon  Slough,  Sutter  County  . . . 

Pesticide  Duck  Kill;  Tolo  Bypass  

Fisherman:  Miller  Park,  Sacramento  


Page 

8 

12 

20 

21 

24 

26 

27 

32 

33 

42 

43 

44 

45 

46 

47 
49 

53 

53 

56 

57 

58 
58 
61 


39 

60 

61 
6U 


2 

10 

Ik 

16 

18 

19 
22 
22 

ll 

29 

29 

30 

31 

34 

35 

36 

37 

38 

40 

40 

40 

48 

50 

51 

52 

54 

55 

55 

56 
62 
63 
66 
68 

70 

71 

72 


-l-u 


SUMMARY 


i 

This  study  report,  prepared  by  state 
and  federal  a,;oncies  under  the  guidance 
of  the  United  States  Water  Resources 
Council,  outlines  alternative  uses  of 
water  and  related  land  resources  in  the 
California  Region  between  I965  and  2020. 
The  Region  includes  all  of  California 
and  seven  percent  of  Oregon.  

In  1965,  after  more  than  a century  of 
development,  the  Region  supported 
18  million  people.  Although  it  still 
led  the  United  States  in  agricultural 
production,  it  had  become  increasingly 
dependent  upon  manufacturing  and  the 
service  industry. 

By  2020,  the  population  of  this  Region 
will  be  2-^-  to  3 times  that  of  I965;  its 
per  capita  income,  more  than  four  times 
that  of  1965.  Such  growth  will  increase 
the  demand  upon  land  and  water  and  will 
intensify  existing  environmental  prob- 
lems. The  need  for  food  and  fiber  will 
have  doubled  or  tripled ; and  that  for 
recreational  opportunities  will  have 
tripled.  The  need  for  reduction  in 
damage  from  flood,  erosion  and  wildfire 
will  be  three  to  six  times,  and  that 
for  electric  power  will  be  20  to  25 
times,  that  of  I965.  Excluding  the 
need  for  water  to  enhance  the  fishery, 
to  improve  water  quality,  to  provide 
streamside  recreation  and  to  modify 
outflow  from  the  Sacramento-San  Joaquin 
River  Delta,  the  need  for  water  will 
be  1.3  to  1.5  times  that  of  1965,  assum- 
ing that  increased  crop  yields  will 
release  from  25  to  30  million  acre- feet 
of  water  otherwise  needed  to  irrigate 
crops. 


Although  the  present  lag  in  water  qual- 
ity treatment  probably  will  not  be 
overcome  until  2000,  the  resources  of 
the  Region  in  2020  can  meet  most  needs 
of  the  inhabitants  of  the  Region. 

Except  for  conveyance  features,  exis- 
ting major  water  supply  works — together 
with  those  under  construction — generally 
will  satisfy  more  immediate  needs.  The 
Region  can  reduce  flood,  fire  and  erosion 
damages  to  a practicable  minimum.  Some 
problems  of  choice  will  exist  among  uses 
and  between  preservation  and  development. 
Lack  of  suitable  land  will  limit  graz- 
ing, timber  production,  waterfowl  habi- 
tat, and  ocean  beach  recreation.  Finan- 
cial, legal,  and  physical  restrictions 
will  limit  recreation  development  to 
the  point  that  only  about  one-third  of 
the  recreation  needs  will  be  met. 

The  combined  rate  of  federal  and  non- 
federal  investment  necessary  to  meet 
the  need  for  water- related  development 
would  be  about  the  same  as  at  present 
(1966-1970),  although  that  for  federal 
investment  alone  would  double. 

Planning  must  be  sufficiently  flexible 
so  as  to  overcome  the  difficulties  in- 
herent in  projecting  needs.  If  growth 
rates  prove  less  rapid  than  those  pro- 
jected for  this  study,  the  sequence  of 
implementing  most  proposals  will  remain 
as  planned  even  though  the  date  of  the 
implementation  is  delayed.  Planning 
must  provide  for  acceptable  ways  to 
assess  the  impact  of  alternative  plans 
upon  existing  development  and  upon  the 
environment. 
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FRAMEWORK  STUDY  COMMITTEE 


The  California  Region  Framework  Study  Committee  directed  preparotion  of  the  main  report  and  its  eigh- 
teen appendixes.  Representatives  of  the  following  agencies  comprise  this  Committee: 

CALIFORNIA  AGENCIES  UNITED  STATES  AGENCIES fConI’dt 


HUMAN  RELATIONS  AGENCY 

Public  Health,  Department  of 

KLAMATH  RIVER  COMPACT  COMMISSION 

RESOURCES  AGENCY 

Colorado  River  Board  of  California 

Conservation,  Department  of 

Fish  and  Game,  Department  of 

Navigation  and  Ocean  Development,  Department  of 

Parks  and  Recreation,  Department  of 

Reclamation  Board* 

Water  Resources,  Department  of 
Water  Resources  Control  Board 

NEVADA  AGENCY 

COLORADO  RIVER  COMMISSION  OF  NEVADA 

OREGON  AGENCY 

STATE  WATER  RESOURCES  BOARD 

UNITED  STATES  AGENCIES 

AGRICULTURE.  DEPARTMENT  OF 

Economic  Research  Service 
Forest  Service 
Rural  Electrification  Service 
Soil  Conservation  Service 


ARMY,  DEPARTMENT  OF  THE 

Engineers,  Corps  of 

COMMERCE, DEPARTMENT  OF 

Business  and  Defense  Services  Administration 
Environmental  Science  Services  Administration 
National  Oceanic  and  Atmospheric  Administration 

FEDERAL  POWER  COMMISSION 

HEALTH, EDUCATION  AND  WELFARE,DEPARTMENT  OF 

Public  Health  Service 

INTERIOR,  DEPARTMENT  OF  THE 

Federal  Water  Quality  Administration** 

Geological  Survey 

Indian  Affairs,  Bureau  of 

Land  Management,  Bureau  of 

Lower  Colorado  River  Land  Use  Office 

Mines,  Bureau  of 

National  Park  Service 

Outdoor  Recreation,  Bureau  of 

Reclarnatron  Bureau  of 

Sport  Fisheries  and  Wildlife,  Bureau  of 

INTERNATIONAL  BOUNDARY  AND  WATER  COMMISSION 

LABOR,  DEPARTMENT  OF 


SPECIAL  TASK  FORCE 

A task  force  representing  Framework  Study  Committee  agencies  wrote  the  main  report: 

Agriculture,  U-  S.  Department  of  . . 

Soil  Conservation  Service  Darwyn  Briggs*** 

Army,  U.  S.  Department  of  the 

Corps  of  Engineers Richard  Yamamoto 

Interior,  U.  S.  Department  of  the 

Bureou  of  Reclamation  Ernest  Burckhardt 

Resources  Agency,  California 

Department  of  Water  Resources James  S.  Hanna,  Jr. 


* Now  port  of  the  Deportment  of  Water  Resources 

**  Now  part  of  the  ENVIRONMENTAL  PROTECT'5'N  AGENCY 

***  Replaced  Creighton  N.  Gilbert 
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INTRODUCTION 


Under  the  direction  of  the  Water  Re- 
sources Council  and  the  Pacific  South- 
west Inter-Agency  Committee,  the  Cali- 
fornia State- Federal  Interagency  Group 
organized  the  California  Region  Frame- 
work Study  Committee  (facing  page)  to 
study  the  present  and  projected  future 
development  of  water  and  related  land 
resources  in  the  California  Region.  The 
Region  is  one  of  twenty-one  such  regions 
in  the  United  States.  The  Water  Resources 
Planning  Act  of  I965  (Public  Law  89-80, 

79  Stat.  244)  authorized  the  study. 


The  Water  Resources  <' 
Framework  Study  to 
the  best  use  of  W' 
resources  so  as 
1965  and  2020. 


1 expects  its 
a guide  to 
■elated  land 
3 between 


^ The  studies  analyze  water  and  related 
land  resources  problems,  and  appraise 
the  probable  nature,  extent,  and  tim- 
ing of  solutions  to  those  problems. 


This  California  Region  report  considers 
problems  of  municipal,  industrial,  and 
domestic  water  supply.  It  considers 
problems  of  irrigation,  drainage, 
electric  power,  flood  control,  water 
quality,  navigation,  watershed  manage- 
ment, fish,  wildlife,  recreation,  min- 
erals, and  shoreline.  Wherever  possible 
it  identifies  environmental  effects, 

The  period  considered  extends  from  I965 
to  2020.  Projections  of  population, 
economic  development,  and  costs,  etc. 
are  compared  with  existing  conditions 
in  1965.  Thus  all  evaluations  consid- 
ered water  projects  operating  before 
or  during  I965.  Projects  placed  in 
operation  after  I965  are  included  as 
appropriate. 


Three  rates  of  population  and  economic 
growth  have  been  used  to  project  the 
needs  of  I96O,  2000,  and  2020  and  the 
effect  of  these  needs  upon  water  and 
related  resources.  The  lowest  rate 
(Series  D-I97O)  projects  a population 
of  45  million  in  2020.  The  other  two 
rates  (Base  Plan  and  OBERS)  each  project 
a population  of  55  million  in  2020,  but 
distrioute  that  population  differently 
between  the  northern  and  southern  area 
of  the  Region.  The  actual  population 
in  1965  was  l6  million. 

The  needs  for  water,  land,  food,  and 
fiber,  etc.  are  compared  with  the  avail- 
ability of  the  resources.  General  data, 
approximations  and  experienced  judgment 
supplement  detailed  information  when- 
ever needed  to  fill  in  the  broad  guide- 
lines provided.  Approximate  costs 
represent  Regional  experience  and  rest 
upon  1965  pre'vailing  price  levels. 


The  report  summarizes  the  studies 
reported  upon  in  I8  appendices  whose 
titles  appear  on  the  inside  of  the 
front  cover.  Of  these.  Appendices  I 
and  II  describe  the  study  itself  and 
the  Region  studied.  Appendix  III  sum- 
marizes and  then  discusses  pertinent 
treaties,  interstate  compacts,  laws  and 
policies.  Appendix  IV  describes  the 
present  economy  of  the  Region  and  pro- 
jects future  economic  growth.  Appendices 
V,  VI  and  VII  describe  the  water,  land, 
and  mineral  resources  available  to  the 
Region;  and  Appendices  VIII  through 
XVII,  the  current  status  and  future 
needs  of  specific  sorts  of  development. 
The  final  appendix.  Appendix  XVIII, 
discusses  alternatives  for  development. 
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Son  Dio^c 


REGIONAL  CHARACTERISTICS 


Part  I: 


"'ho  California  Region  includes  all  of 
California  and  seven  percent  of  Oregon. 
Kor  hydrographic  purposes,  this  study 
has  divided  the  Region  into  eleven  su'c- 
regions  (Fitlure  l).  The  Region  extends 
alone  the  southern  two-thirds  of  west- 
ern continental  United  Ctates  from 
north  latitude  43^^°  to  north  latitude 
About  900  miles  long,  it  occu- 
pies 105,676,000  acres-'',  or  about 
165,000  square  miles. 

Land  I-’orms 

Skirting  the  CsJ.ifornia  coastline  from 
north  to  south  are  a series  of  mountain 
ranges,  the  Klamath  Mountains,  the 
California  Coast  Ranges,  the  Transverse 
and  the  Peninsular  Ranges.  Inland  from 
the  Coast  Ranges,  the  Central  Valley 
lies  west  of  the  Southern  Cascade  Range 
and  the  Sierra  Nevada.  Farther  inland 
along  the  eastern  side  of  the  Region 
lie  the  Modoc  Plateau,  the  Basin  Ranges, 
the  Mojave  Desert  and  the  Salton  Trough 
(Figure  1). 

The  rugged  Klamatii  Mountains  ascend  to 
about  "i,000  feet.  The  principal  rivers, 
Klamath  and  Trinity,  have  cut  deep, 
twisting  gorges  through  the  mountains. 

The  California  Coast  Ranges,  markedly 
linear,  extend  for  nearly  6OO  miles 
along  the  coast,  southeast  from  the 
K].ama.th  Mountains.  Their  numerous, 
often-indistinct  ridges  rise  from  2,000 
to  7,000  feet  and  lie  separated  bj’  the 
valleys  of  the  Mad,  Eel,  Russian,  and 
Salinas  Rivers,  as  well  as  by  those  of 
smaller  streams. 

The  Transverse  Ranges,  of  which  Santa 
Rosa  and  Santa  Cruz  Islands  represent 
a seaward  extension,  break  the  south- 
eastward grain  of  topography  that 


typifies  much  of  the  Region  and  instead 
trend  eastward  as  a group  of  linear 
ranges.  In  one  of  these  ranges  (the 
San  Gabriel  Mountains  just  nortn  of  Los 
Angeles)  peaks  reach  almost  10,000  feet, 
l.os  Angeles  itself  lies  on  a broad  coastal 
plain  not  much  above  sea  level. 

The  'Peninsular  Ranges  extend  southward 
into  Baja  California.  Altho'ugh  San 
Jacinto,  their  highest  peax,  reaches 
10,831  feet,  their  general  altitude  is 
lower  than  t'l.at  of  the  ranges  to  the 
north. 

The  Central  Valley  dominates  the  Region 
inland  from  the  California  Coast  Ranges. 
This  province  is  a vast  elliptical  plain 
400  miles  long  and  50  miles  wide.  Its 
floor  varies  from  a few  tens  to  a few 
hundreds  of  feet  above  sea  level.  T'ne 
southward- flowing  Sacramento  River  system 
drains  the  northern  half  of  this  valley; 
the  northward- flowing  San  Joaquin  River 
system  drains  the  southern  half.  The 
two  rivers  converge  in  the  Sacramento- 
San  Joaquin  Delta.  From  here,  the  -water 
flows, via  San  Francisco  P>ay,  through 
the  only  exit  from  the  mountain- rimmed 
valley,  the  Golden  Gate. 

'''he  Southern  Cascade  Range  contains  tw’o 
prominent  volcanic  mountains:  Lassen 

Peak  (10,4.57  feet)  and  towering  Mount 
Shasta  (l4,l62  feet).  The  width  of  the 
range,  throughout  most  of  its  north- 
south  length,  is  less  th.an  25  miles. 

In  the  Sierra  Nevada,  a great  westward- 
dipping fault  block  385  miles  long  and 
85  miles  wide,  lofty  mountain  peaks  tower 
above  precipitous  gorges  and  canyons. 

About  a dozen  major  streams  traverse 
the  gentle  western  slope  of  the  range 
and  flow  into  the  Sacramento  and  San 
Joaquin  Rivers.  Many  of  these  streams 


* 104,lo2,0OC  acres  of  land;  1,496,000  acres  of  water. 

101,564,000  acres  in  California;  4,ll4,000  acres  in  Oregon 
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occupy  deep  valley£--some  a half-nile 
deep.  To  Phe  north,  the  crest  eleva- 
tion of  the  highest  Sierra  ?Jevada  peah 
is  less  than  5,500  feet.  Thereafter, 
crcst  ele'.'ations  increase  toward  the 
south,  culr.inatinc  in  Mount  'ATiitney, 
1U,U95  feet  high--highest  mountain  in 
the  ccterninous  United  States.  The 
east  side  of  the  Sierra  "evada, 
throughout  much  of  its  length,  drops 
precipitously  into  Owens  Valley.  Uear 
Mount  Vnitney,  Phis  drop  is  almost  two 
miles  in  a horizcntaJ.  distance  of  six. 

The  Modoc  Plateau  is  a plateau  of  vol- 
canic rock  whose  average  altitude  is 
5,000  feet  above  sea  level.  Above  the 
plateau,  numerous  volcanic  cones  rise 
an  additional  2,000  feet.  In  its 
extreme  northeast  corner,  the  rugged 
Warner  Mountains  tov?er  almost  a mile. 
They  culminate  in  Uagle  Pea.--.,  o,bo3 
feet  above  sea  level. 

The  Basin  Ranges  occupy  desert.  Rx- 
tremely  rugged,  linear  ranges,  they 
attain  altitudes  exceeding  I'-, 000  feet. 
The  highest  (White  M.ountain  Peak  near 
the  rievada  border)  rises  to  lh,2^Z 
feet. 

The  Basin  Ranges  include  Owens  Valley 
and  Death  Valley.  The  latter  contains 
the  lowest  point  on  the  ?Iorth  American 
Continent.  It  lies  only  80  miles  from 
Mount  Whitney,  but  is  282  feet  below 
sea  level. 

The  Mojave  Desert,  a great  orpanse  of 
immense,  sandy  valleys,  dry  lake 
bottoms,  and  short,  rugged  m.ountain 
ranges,  extends  southward  to  the  Cali- 
fornia border  at  the  Colorado  River, 

The  Salton  Trough,  an  alluvium- filled 
basin,  lies  just  north  of  the  Mexican 
border.  A feature  peculiar  to  this 
desert  is  that  evaporation  and  seepage 
dry  up  most  of  the  rivers  in  their 
valleys.  The  Salton  Trough  contains 
the  Salton  Sea,  the  largest  lake  in 
Southern  California.  The  Salton  Sea 
lies  235  feet  below  sea  level.  The 


highest  peaks  of  the  Salton  Trough  rise 
almost  to  7,500  feet, 

Geologj.- 

The  geologic  histor;/  of  existing  land 
forms  is  complex. 

The  sediment  which  fills  the  huge  trough 
of  the  Central  Valley  is  miles  deep. 

Some  of  this  sediment  is  marine,  depos- 
ited when  the  valley  formed  part  of  a 
shallow  sea;  some  is  continental, 
deposited  by  rivers  as  they  eroded  adja- 
cent mountains. 

In  the  Southern  Cascade  Range,  dark- 
colored  lava  burst  forth,  forming  vol- 
canoes and  flows  which  covered  hundreds 
of  square  miles.  Lassen  Peak  remains 
the  crJ.y  active  volcano.  From  191^ 
through  1917,  during  its  most  recent 
eruptions,  lava  and  great  blasts  of  gas 
felled  trees  for  miiles  around;  clouds 
of  steam  and  ash  rose  m.ore  than  five 
miles  into  the  air. 

Beneath  what  today  is  the  Sierra  Nevada, 
massive  invasions  of  molten  granite 
rock  pushed,  contorted,  and  melted  the 
layered  rocks  above  them,  then  cooled  and 
solidified  mario'  m.iles  beneath  the  earth's 
surface.  During  the  hundred  million 
years  that  followed,  rivers  exhumed  this 
granite.  Today  it  lies  exposed  as  the 
peaks  of  the  Sierra  Nevada.  The  rivers 
which  exhumed  granite  carried  the  mud, 
sand,  and  gravel  downstream  and  deposited 
it  in  a sea  to  the  west.  The  sediments 
have  since  folded  and  uplifted,  a.nd  now 
lie  exposed  in  the  present  Coastal  Ranges. 

In  ancient  times,  the  Gulf  of  California  ex- 
tended northn.;ard  through  the  Salton  Trough 
and  inundated  both  the  Imperial  and  Coa- 
chella Valleys.  Then  the  Colorado  River, 
extending  its  delta,  built  a land  bridge 
across  the  Gulf.  After  the  land  bridge 
was  formed,  and  the  river  was  again  flow- 
ing southward  to  the  Gulf,  the  inland 
body  of  water  evaporated,  exposing;  th.e 
Salton  Trough.  Th.e  land  bridge  remains 
as  the  southern  part  of  the  Imperial 
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Valley  and  ti'.e  adjoininr  ’•'exicali  Valley 
r.  I'.cxico. 

Climate 

Instead  of  tiie  usual  four  seasons,  most 
of  the  Hegion  i’.as  two--a  dry,  warm  sum- 
mer season,  and  a vet  winter  season. 

Th.p  latter  lasts  rJoveir.'oer  te.routth  March 
in  the  sout'nern  part  of  tliC  Region;  it 
lasts  October  tnrough  April  in  the  north- 
ern part. 

Although  the  range  in  latitude  is  great, 
latitude  does  not  influence  climate  here 
as  strongly  as  it  does  elsewhere. 

Instead,  topography  causes  isotherms  to 
follow  topographic  contours  and  move 
from  north,  to  south  rather  than  from 
cast  to  vest.  Because  of  abr'.;pt 
changes  in  topography,  the  range  of 
temperature , the  velocity  of  wind,  and 
the  amount  of  precipitation  often  vary 
greatly  within  a few  miles.  The  Sierra 
Nevada  and  Cascade  Ranges  effectively 
bloc/,  the  movement  of  air  masses  from 
the  east.  In  addition  to  topography, 
the  Pacific  Ocean  and  the  movement  of 
the  offshore  Pacific  high  pressure  areas 
also  influence  the  climate.  The  ocean 
tends  to  equalize  summer  and  w'nter 
temperatures  along  the  coast  and  its 
: nland- leading  valleys.  The  offshore 
Pacific  high  pressure  area  moves  south- 
ward in  the  winter,  permitting  cold 
Canadian  air  and  winter  storms  entr>' 
into  the  nort'r.ern  part  of  the  Region. 
Contrariwise,  the  high  moves  nortjiward 
in  the  summer,  thus  deflecting  the  cool 
air  masses  back  towani  Canada. 

Winter  storms  from  the  west  bring  pre- 
cipitation which  falls  as  rain  in  the 
valleys  and  foothills  and  an  snow  in 
the  mountains.  Figure  2 shows  tiie  mean 
annual  precipitation.  Precipitation 
increases  from  south  to  north  and  falls 
heaviest  on  the  west  side  of  the  moun- 
tains below  6,000  feet.  When  the  snow- 
pack  melts  in  the  spring,  the  heaviest 
runoff  descends  the  west  side  of  the 
mountains.  To  the  south,  heavy  rains 
in  early  fall  result  from  cyclonic 
storms  occurring  to  the  southeast. 


The  marine  cll.mato  of  the  coast  is 
ci'.aracterizcd  by  warm  winters,  cool  sum- 
mers, high  relative  humidity,  and  little 
daily  or  seasonal  range  in  temperature. 
Inland,  the  more-continental  climate  is 
characterized  by  warmer  summers,  colder 
wrnters,  lower  relative  humidity,  and 
greater  range  in  temperatures. 

Topography  determines  the  change  from 
marine  to  continental  climates. 

Topography  also  controls  the  amount  and 
the  distribution  of  the  winter  precipi- 
tation. Altiiough  snow  does  fall  in  th.e 
Sierra  Nevada  at  elevations  as  low  as 
2,00C  feet,  it  does  not  remain  long 
below  elevation  ,000  feet.  In  the 
middle  Sierra,  snow  falls  most  heavily 
between  7,000  and  6,000  feet.  At 
Tamarack,  in  jMplne  County,  the  annual 
deptli  averages  '*‘10  inciies. 

Regional  temperatures  have  varied  from 
13^*°  to  -IV/'’.  Eased  on  long  continued 
periods  of  heat,  Death  Valley  is  the 
hottest  place  in  tr.e  world. 

The  frost- free  period  ranges  from  365 
days  along  the  extreme  south  coast  to 
about  260  days  along  the  nort'n  coast 
and  in  the  Central  Valley.  It  averages 
100  to  120  days  in  the  northeastern 
interior  valleys,  and  282  to  322  days 
in  the  Imperial  Valley. 

As  a result  of  tiie  Pacific  high  pressure 
area,  winds  along  the  coast  prevail  from 
the  nortiiwest.  Flsewherc,  local  topo- 
graphy, atmosphere  pressure  gradients, 
and  proximity  to  the  ocean  and  mountains 
influence  viinds. 


Relative  humidities,  comparatively  high 
along  tiie  coast^  generally  increase  from 
south  to  north,  and  from  winter  to  sum- 
mer. Along  the  nortii  coast,  tliey  are 
hlgii  throughout  the  year.  Within  the 
interior  lowland  areas  west  of  tlie 
Southern  Cascade  Mountains  and  tiie 
Sierra  Nevada  they  are  low  in  summer 
and  iiigh  in  winter.  Past  of  l.hese 
ranges,  iiumidi  ties  are  low  ;n  summer. 
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Summer  thunderstorms  strike  t!ie  inter- 
ior in  the  higher  mountains  and  desert 
areas.  When  precipitation  Is  low, 
lightning  causes  destructive  forest 
fires  . Coastal  thunderstorms,  weak 
and  infrequent,  can  occur  in  any  month. 
Tornadoes  strike  somewhere  about  once 
a year.  Flooding  wliich  can  occur  at 
any  time  is  worse  in  winter  when  pro- 
longed storms  accompanied  by  higti  tem- 
peratures can  melt  the  snowpack. 
Localized,  short-duration  convective- 
type  storms  sometimes  flood  small  drain- 
ages. Dry  weather  and  drought,  some- 
times persistent,  on  occasion  occur 
during  trie  winter. 

The  climate  favors  the  growth  not  only 
of  most  crops  grovm  commercially  else- 
vfnere  in  the  United  States,  but  also  of 
certain  crops  not  grown  commercially 
elsewhere  in  the  United  States.  Because 
rainfall  distribution  generally  does  not 
favor  dryland  crop  production,  farmers 
must  irrigate. 

Two  cliaracteristics  of  climate  markedly 
affect  planning  in  the  Region:  1)  pre- 

cipitation, and  thus  streamflow,  differs 
so  widely  between  summer  and  winter  that 
farmers  in  most  areas  have  had  to  irri- 
gate even  their  pasturelands , and  major 
cities  have  had  to  build  reservoirs  and 
aqueducts  to  insure  year  round  water; 
and  2)  the  prevalence  of  both  flood 
and  drought  years  requires  that  plan- 
ners design  water  systems  concordant 
with  both. 

History 

Navigators  in  the  service  of  Spain 
first  approached  the  California  coast 
in  15^2,  50  years  after  Columbus  dis- 


covered America.  They  found  a tribally- 
organized,  stone-ape  civilization. 
Although  primarily  hunters  and  gather- 
ers, the  Indians  practiced  some  agri- 
culture along  the  Colorado  River. 

European  settlement  began  in  I769, 
when  the  Spanish  colonized  California. 

In  1619,  Spain  conveyed  the  Oregon  area 
to  the  United  States;  in  I8U&,  Mexico 
transferred  California  to  the  United 
States.  Of  some  200,000  people  in 
California  at  that  time,  only  about 
1^,000  were  of  European  descent.  The 
Spanish  and  Mexican  periods  introduced 
a pastoral  society  which  raised  cattle 
on  extensive  land  grants.  But  the  dis- 
covery of  gold  in  I6U&  drew  settlers 
from  all  parts  of  the  world. 

California  became  a state  in  I85O; 

Oregon  in  1&59« 

As  the  more  accessible  gold  deposits 
were  exhausted,  agriculture  resumed 
its  dominant  position  as  a means  of 
livelihood.  By  the  l8?0s  ships  and 
transcontinental  railroads  delivered 
wheat  and  timber,  and  later  oranges 
and  other  fruits  and  vegetables,  to 
world  markets. 

Mining  had  initiated  large  sceile  water 
development.  By  the  late  l800s  and 
early  1900s  the  experience  and  capital 
accumuilated  at  that  time  moved  into 
irrigation,  city  water  supply,  and  hydro- 
electric power  development.  World  War 
I spurred  industrialization  and  intro- 
duced the  age  of  the  automobile. 
Industrialization  continued  at  an  accel- 
erating rate  through  World  War  II  to 
the  present.  Bj'  I965,  the  population 
slightly  exceeded  I8  million. 
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REGIONAL  ECONOMY 


Although  by  IO65  the  "egion  had  become 
heavily  dependent  upon  manufacturing  and 
service  industries,  California  itself 
led  every  other  state  in  the  value  of 
farm  produce.  Indeed,  as  measured  in 
terms  of  value  added  within  the  Region, 
processing  of  food  and  kindred  products 
formed  the  largest  sector  of  the  manu't 
facturing  industry.  In  another  area, 
the  aerospace  and  defense  industries  led 
trends  toward  the  production  of  elec- 
tronic instruments.  In  terns  of  gross 
regional  product  alone,  the  Region 
ranked  high  among  all  the  nations  of 
the  World. 

People 

More  than  I8  million  people  lived  within 
the  Region  in  I965,  more  than  90  percent 
of  them  in  cities.  Urban  populations 
concentrated  in  Southern  California, 
around  San  FrEincisco  Bay  and,  less 
densely,  in  the  Central  Valley.  About 
36  percent  of  the  people  were  em.ployed. 
Census  data  for  I960  indicates  that  Uo 
percent  of  the  people  were  under  lU  or 
over  65  and  thus  made  up  only  a minor 
part  of  the  labor  force. 

Forest  Products 

The  Region  differs  from  others  in  the 
west  in  that  it  possesses  both  the  sup- 
ply and  a large  demand  for  lumber  and 
wood  products. 

Mill  operators  now  process  2?  different 
species  of  wood.  Los  Angeles  County, 
within  the  South  Coastal  Subregion,  is 
one  of  the  major  secondary  wood  pro- 
cessing areas  of  the  country. 

In  the  United  States,  only  Oregon  and 
Washington- -the  latter  very  recently — 
surpass  California  in  annuail  harvesting 
of  timber.  California  supplies  one- 
seventh  of  the  nation's  lumber,  most  of 
its  commercial  redwood,  and  four- fifths 
of  its  sugar  pine.  Oregon's  Klamath 


Basin  supplies  pine  and  fir  products 
and  supports  the  largest  lodgepole  pine 
operation  in  the  V.'est.  In  I965,  the 
California  Region  produced  one  million 
Cliristmas  trees  and  5.7  billion  board 
feet  of  lumber — enough  to  build  570,000 
homes.  A growing  plywood  industry  is 
producing  one- tenth  of  the  nation's 
softwood  plywood.  Wood  pulp  and  particle- 
board industries,  postwar  developments, 
use  previously  unused  mill  residues 
almost  exclusively  as  raw  material. 

Agriculture 

In  1065,  the  Region's  farms  produced 
crops  worth  about  $2.5  billion. 

Almost  7,000,000  acres  of  its  cultivated 
lands  lie  in  the  Central  Valley  within 
the  Sacramento  Basin,  San  Joaquin  Basin, 
Delta-Central  Sierra,  and  Tulare  Basin 
Subregions.  This  valley  produces  rice, 
cotton,  sugar  beets,  tomatoes,  and  other 
crops. 

More  than  1,600,000  acres  of  cultivated 
lands  lie  in  coastal  valleys,  mostly  in 
the  San  Francisco  Bay,  Central  Coastal, 
and  South  Coastal  Subregions.  Conditions 
here  favor  the  growth  of  a wide  variety 
of  climatically  restricted  crops.  Arti- 
chokes, Brussels  sprouts,  avocados, 
spinach,  flower  seeds,  and  citrus  grow 
here  on  about  one  million  acres.  Such 
specialty  crops  account  for  nearly  a 
heilf  billion  dollars  annually. 

More  than  600,000  acres  of  cultivated 
lands  lie  in  the  interior  desert  valleys 
of  Imperial,  Coachella,  and  Antelope, 
in  the  Colorado  Desert  and  South  Lah on- 
tan  Subregions.  The  Region  harvests 
about  15  percent  of  its  alfalfa  on  more 
than  200,000  acres  in  these  valleys. 

It  produces  nearly  $9  million  worth  of 
grapefruit  and  dates  on  just  12,000 
acres  in  the  Imperial  and  Coachella 
Valleys.  It  produces  much  of  its  supply 
of  winter  truck  crops  in  these  valleys. 
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The  rClamath  Basin  in  the  North  Coastal 
Subregion  grew  farm  crops  valued  at 
more  than  $27  million  in  1965-  The 
most  important  of  these  were  potatoes 
and  malting  barley. 

Other  cultivated  lands  lie  scattered 
among  mountain  plateaus  and  valleys. 
Although  their  total  acreage  is  small, 
they  produce  forage  and  hay  crops 
important  to  local  livestock  industries. 

Minerals 


Minerals  other  than  gold  have  proved 
more  lasting  than  gold  in  importance 
to  the  Region.  In  1^6 ;i,  the  Region 
produced  U8  mineral  commodities  valued 
at  $1.6  billion.  Petroleum  and  natural 
gas  provided  about  two-thirds  of  this 
amount;  nonmctals,  principally  cement, 
sand,  and  gravel,  provided  about  one- 
third.  The  Region  produces  major 
amounts  of  asbestos,  boron  minerals, 
sodium  sulfate,  diatomite,  mercuip,', 
rare  earth  metals  and  tungsten. 

Service,  Trade,  and  Transportation 

I'/hether  measured  by  the  number  of  people 
they  employ,  or  by  their  contribution  to 
the  gross  regional  product,  services 
rank  ahead  of  manufacturing  and  of 
trade  and  transportation. 

In  addition  to  personal,  professional, 
vocational,  and  social  services,  such 
services  include  those  of  governm.ent 
agencies,  insurance  companies,  real 
estate  brokers,  banking  houses,  and 
wholesale  and  retail  distributors,  all 
lin.-'ed  by  the  communications  and  utility 
industries . 


International  trade  exemplifies  the 
economic  growth  of  the  Region,  Cali- 
fornia's exports  almost  doubled  between 
l'^2  and  1967;  its  imports  increased 
more  than  60  percent.  In  dollars,  the 
Gan  Francisco  Bay  area  led  in  exports. 
Of  Ul  customs  districts,  those  of  Los 
Angeles  and  San  Francisco  ranked  fifth 
and  sixth  nationally  in  value  of  total 
trade  in  1967. 
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Econoiaic  and  Population  Projections 

Projections  to  2020  assumed  three  rates 
of  economic  growth;  the  OBERS,  Base  Plan, 
and  Series  D-1970  rates  (Figure  3). 

The  first  two  rates,  OBERS  and  Base  Plan, 
each  assume  that  the  population  of  the 
Region  in  2020  will  approach  55  million. 
Each,  however,  distributes  this  popula- 
tion differently  within  the  Region:  the 

OBERS  rate  projects  about  eight  million 
more  people  in  Southern  California  than 
does  the  Base  Plan  rate.  The  Series 
D-I97O  rate  assumes  that  the  population 
in  2020  will  approach  only  45  million. 


OBERS  Projections.  At  the  request  of 
the  Water  Resources  Council,  the  Office 
of  Business  Economics  (OBE)  of  the 
United  States  Department  of  Commerce 
and  the  Economic  Research  Service  (ERS) 
of  the  United  States  Department  of 
Agriculture  developed  OBERS  population 
projections  and  estitriated  needs  for 
food  and  fiber  production  for  the  entire 
United  States. 

To  do  so,  they  combined  projections  of 
gross  national  product,  population, 
labor  force,  employment,  hours  worked 
and  product  per  man-hour.  They  con- 
sidered high,  medium,  and  low  projec- 
tions and  judged  the  r..icclevel  value  to 
be  the  most  probable.  This  mid -level 
value,  the  Series  C birthrate,  uses  a 
1.3  percent  annual  growth  rate.  The 
OBERS  rate  of  economic  growth  for  the 
Region  was  derived  from  consideration 
of  historical  relationships  between 
regional  and  corresponding  national 
figures. 

Base  Plan  Projections.  Base  Plan 
projections  are  a regional  modifica- 
tion of  OBERS  projections.  They  use 
the  same  regional  population  as  OBERS 
projections  but  distribute  that  pop- 
ulation differently  within  the  Region. 
They  apply  the  differentials  in  rates 
of  natural  increase  between  the  Region 
and  the  United  States  to  recent  pro- 
jections of  national  rates  of  natural 
increase.  They  assume  that  in  Southern 
California  natural  increase  will  provide 


</) 

z 

o 


UJ 


Figure  3*. 

ECONOMIC  PROJECTIONS 

Base  Pion  Rote 

OBERS  Rote 

Series  D 1970  Rote 


60 

50 

40 

30 

20 


CL 

O 

UJ 

Q.  10 


0 

1000 


Populofion^  ^ 

Employment* 

CivUton  B Militor^.*^*^ 

*Series  0 1970  Ooto  Unknown 


900 


600 


(/) 

z 

o 


700 


. 600 
(/) 
z 
< 

o *00 

Q 


< 400 


o 

<->  300 
CD 

m 

200 


I 

/ 

/ 

I 

/ 

/ 

/ / 


Cross  Regionot  « • 

Product  (Volue  Added)  ' / 


/ 

/ 


/ 


/ 


/ 


/ 


100 


/ y Personal  Income 


0 

1965 


I960  2000 

YEARS 


2020 


-20- 


the  labor  demands  of  a growing  economy 
and  that  migration  into  the  area  will 
decline.  They  establish  Southern  Cali- 
fornia labor  demands  on  the  basis  of 
specific  estimates  of  economic  activity 
in  1970  and  I98O. 

Elsewhere,  they  assign  appropriate  pro- 
portions to  the  total  Regional  popula- 
tion for  2020  under  high,  mediinn,  and 
low  assumptions. 

Series  D-l~i70  Projections . In  January' 
1970,  the  California  State  Department 
of  Finance,  basing  its  data  on  more 
recent  survey  information,  released 
provisional  population  projections  to 
2000  for  California.  The  Department 
of  Finance  used  Series  D birth  projec- 
tions of  the  i960  Census.  Series  D of 
the  i960  Census  suggests  an  annual 
national  birthrate  of  about  1 percent, 
as  opposed  to  the  1.3  percent  rate  of 
Series  C,  I96O  Census,  i'dgration  into 
California  was  assumed  to  remain  at 
200,000  annually  from  197^  to  2000. 

The  California  Department  of  Vlater 
Resources  used  Series  D-1970  projec- 
tions in  its  Bulletin  ho.  160-70, "Water 
for  California — Outlook  in  1970." 

i’or  these  framework  studies,  the  basic 
Department  of  Finance  projections  for 
California  were  extrapolated  to  year  2020. 
Base  Plan  population  projections  for 
Oregon  were  then  added  to  the  Series-D 
1970  projections.  Employment 
projections  for  Series  D-1^70  were 
not  derived. 


Food  and  Fiber  heeds 


From  the  economic  projections  were 
estimated  future  food  and  fiber  needs 
to  accompany  the  three  levels  of  eco- 
nomic activity  (Fitiure  9).  Food  crop 
production  needs  under  OBERS  projections 
arc  considerably  lower  than  tiiose  under 
Biase  Plan  projections  because  OREHS  pro- 
jections assumed  a lower  percentage  of 
national  food  crop  production  in  the 
Region. 


Figure  4 : 

FOOD  AND  FIBER  NEEDS 
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Part  III: 


WATER  AND  RELATED  LAND  RESOURCES  DEVELOPMENT 


In  this  Region  of  rainless  summers  and 
often  remote  water  sources,  the  develop- 
ment of  land  often  has  depended  upon  the 
concotaitant  development  of  water. 

Water  Development 

Water  development  has  been  progressing 
tiirough  tioree  stages:  (1)  local  diver- 

sions from  a river,  (2)  storage  of 
water  from  a river  for  use  within  the 
river  basin,  and  (3)  storage  and  trans- 
port of  water  from  river  basins  abundant 
in  water  to  those  deficient  in  water. 

In  axeas  such  as  the  San  Joaquin  Valley, 
the  development  of  electrically  powered 
pumps  made  possible  the  exploitation  of 
ground  water  as  early  as  1900,  and  post- 
poned for  many  years  the  need  to  store 
or  import  surface  water.  Water  devel- 
opment in  the  Region  has  not  proceeded 
uniformly.  Simple  single-purpose  works 
exist  beside  complex  multiple- purpose 
works,  each  governed  by  laws  and  managed 
by  agencies  that  have  likewise  evolved 
unevenly.  Such  agencies  include  the 
State  and  Federal  Governments,  water 
and  irrigation  districts,  municipal 
water  works,  mutual  water  groups  and 
commercial  companies. 

3y  1965*  the  metropolitan  areas  of 
Southern  California  and  the  San  Fran- 
cisco Bay,  having  developed  their  nearby 
water,  had  tapped  more  distant  waters. 

Los  Angeles  had  built  the  Owens  Valley 
Aqueduct,  now  300  miles  long.  The  Met- 
ropolitan Water  District  of  Southern 
California  had  built  the  Colorado  River 
Aqueduct.  Southern  Californians  sup- 
plement such  far  flung  surface  works 
with  facilities  to  replenish  groiuid 
water.  To  the  north,  San  Francisco 
had  brought  water  from  jietch-iietchy 
Valley;  Jar.  .rancisc.-  q-  cities  to  tr.c 
:ast  ..a.:  Jrou;^:);t  water  xcor.  t..e  . okelumne 
River.  In  the  Central  Valley,  storage 
in  mountain  reservoirs  now  supplements 
irrigation  systems  which  began  as  local 


valley  canals.  Often  this  storage  not 
only  conserves  water,  but  controls  floods, 
and  generates  energy.  Such  multiple- 
purpose  storage  exists  behind  Shasta 
Dam  on  the  Sacramento  River,  Folsom 
Dam  on  the  American  River,  and  Pine  Flat 
Dam  on  the  Kings  River. 

The  Federal  Central  Valley  Project  and 
the  California  State  Water  Project  move 
water  hundreds  of  miles.  By  1965,  the 
federal  project,  built  to  serve  the 
Central  Valley,  was  operating;  and  the 
state  project,  built  to  serve  the  Central 
Valley,  the  San  Francisco  Bay  area,  and 
Southern  California,  was  being  constructed. 

Public  utility  systems  have  developed 
extensive  hydroelectric  power  on  moun- 
tain streams  such  as  the  pit,  San 
Joaquin,  Feather,  Kings  and  Kern  Rivers. 

About  S6  percent  of  the  water  diverted 
from  streams  and  pumped  from  the  ground 
serves  to  irrigate  farmland;  about  12 
percent,  to  satisfy  municipal  and  indus- 
trial needs;  and  about  two  percent,  to 
satisfy  other  needs. 

Surface  Water.  The  river  systems  pro- 
vide spawning  habitat  for  salmon  and 
other  anadromous  fish,  which  return 
from  the  ocean  to  ascend  their  native 
streams  at  spawning  time.  Cold  and 
warm  water  streams  and  reservoirs,  canals, 
tidal  channels,  lakes  and  ponds  provide 
spawning  habitat  for  inland  fish.  This 
habitat  includes  more  than  29,000  miles 
of  streams,  about  8,000  miles  of  canals, 
and  more  than  500,000  acres  of  lakes, 
ponds,  and  reservoirs. 

Both  single  and  multiple- purpose  works 
regulate  streamflows.  Hiindreds  of 
miles  of  artificial  channels,  canals, 
and  pipelines  convey  water  from  surface 
streams.  Levees  and  resei*voirs  provide 
flood  control  both  singly  and  in  con- 


-23- 


24. 


junction  vri-th  other  works.  In  1965, 
hydroelectric  powerpleints  generated 
about  30  percent  of  the  electrical  energy 
consumed  in  the  Region.  Usable  surface 
reservoir  capacity  approximates  27  mil- 
lion acre-feet.  It  is  distributed 
among  several  hundred  reservoirs,  49 
of  which  each  can  store  more  than 
100,000  acre- feet  of  water  (Figure  5). 
Reservoirs  can  store  about  6.0  million 
acre- feet  of  water  specifically  for 
flood  protection  during  the  flood  season. 

Ground  Water.  Water  pumped  from  the 
ground  has  greatly  assisted  economic 
growth  in  the  Region.  Much  of  such 
water  irrigates  farmland.  It  also 


provides  almost  half  the  supply  for 
cities,  industries,  homes,  and  live- 
stock. Overdrafts  in  many  areas  have 
resulted  in  wa,ter  deficiency,  water 
quality  deterioration,  and  land  subsi- 
dence. 

In  many  areas,  Californians  deliberately 
use  surface  water  to  recharge  the  ground 
water  basin.  They  do  so  by  means  of 
modified  streambeds,  or  by  flooding 
recharge  basins,  pits,  ditches  and  fur- 
rows, or  by  injection  wells.  The  latter 
method  has  been  used  along  the  coast  of 
southern  California  to  create  a hydrau- 
lic barrier  to  prevent  intrusion  of  sea 
water  into  overdrawn  ground  water  basins. 


INDEX  TO  Figure  5:  Mo|or  Reservoirs'  Operating  in  1965 
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In  1965 j Californians  used  more  than  1.5 
million  acre- feet  of  water  to  recharge 
ground  water  basins:  900,000  acre- feet  in 
the  San  Joaquin  Valley,  425,000  acre-feet 
in  the  South  Coastal  Subregion,  145,000 
acre-feet  in  the  San  Francisco  Bay  Sub- 
region,  and  50,000  acre- feet  in  the  Cen- 
tral Coastal  Subregion. 

Flood  Control.  In  the  California  Region, 
floodplains  generally  have  been  the  first 
lands  settled.  As  a resvilt,  these  lands 
have  been  the  scene  of  many  flood  disas- 
ters. Subsiding  floods  often  have  left 
damage,  suffering,  and  death  (Figure  6). 

Recent  destructive  floods  occurred  in 
December  1955  and  December  1964.  The 
December  1955  floods  exceeded  most  maxi- 
mum flows  of  record  for  coastal  streams 
north  of  Santa  Barbara,  for  Central 
Valley  streams,  and  for  streams  in  the 
h'orth  Lahontan  and  in  north  Coastal  Sub- 
regions.  The  floods  inundated  nearly 
one  million  acres,  killed  sixty- four 
persons  and  left  property  damages  of 
about  $170  million.  The  December  1964 
floods  left  property  damages  of  about 
$200  million.  These  floods  struck  North 
Coastal  and  Sacramento  Basin  Subregions, 
left  thousands  homeless,  and  killed 
twenty- four  persons. 

The  residual  average  annual  flood  dam- 
age under  I965  conditions  was  about 
$107  million.  Of  this  amount  $56  millicn 
was  in  upstream  damage  and  $51  million 
was  in  downstream  damage*.  Figure  7 
provides  the  distribution  of  these  dam- 
ages among  cities,  industries,  farms, 
etc. 

*Downstream  damage  is  that  which  occurs 
belo;/  the  point  at  which  the  drainage 
area  equals  250,000  acres.  The  separa- 
tion in  no  way  determines  the  agency 
responsible  for  solution  of  the  flood 
damage  problems. 


The  Region's  flood  control  and  flood 
damage  reduction  program  includes 
structural  and  non-stinict\iral  measures 
of  federal,  state  and  local  agencies. 
Structural  measures  include  reservoirs, 
retardation  structures,  levees,  and 
channel  improvements.  Non- structural 
measures  include  watershed  treatment, 
flood  forecasting,  floodplain  zoning, 
and  flood  proofing. 

The  existing  flood  control  program  in 
1965  provided  5)915 >000  acre-feet  of 
flood  control  capacity  in  reservoirs 
and  flood  detention  basins  during  the 
critical  flood  period.  In  I965,  more 
than  3,200  miles  of  levee  and  2,900 
miles  of  improved  channel  served  an  ex- 
tensive levee,  channel  and  bypass  sys- 
tem of  flood  control.  In  the  same 


Figure  7 FLOOD  DAMAGE  DISTRIBUTION 
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year,  radio  and  telephonic  devices  at 
more  than  400  precipitation  and  stream 
gage  data  collection  sites,  together  with 
telephoned  or  teletyped  reports  from 
public  and  private  agencies  and  from 
cooperating  observers,  assisted  in  river 
and  flood  forecasts.  In  I965,  waterstied 
treatment  projects  protected  soil  and 
vegetal  cover  on  about  21';, 000  acres, 
t;ius  increasing  tlie  water-holding  capa- 
city of  soils,  controlling  runoff  and 
reducing  debris  movement,  erosion  and 
sedimentation.  The  '"’ederal  Flood  Plain 
ilanagement  Services  Program  provided 
flood  hazard  information  to  federal, 
state,  and  local  governmental  agencies. 
Such  information  guides  proposals  for 
future  land  development,  suggests  needs 
for  land  use  regulation  to  avoid  future 
flood  damage,  and  assures  that  federal 
agencies  will  recognise  the  flood 
hazards  associated  with  floodplain 
development. 

In  both  California  and  Oregon,  t’ne 
counties  bear  the  responsibility  of 
regulating  land  use  and  of  zoning  flood- 
plains.  Twenty-four  counties  in  Cali- 
fornia refjulate  floodplains  in  some 
way.  Of  these,  eight  use  floodplain 
zoning  to  rofpilate  development. 


Existing  flood  control  measures  pre- 
vented more  than  •'$270  million  in  dam- 
a^'es  during  the  December  1955  flood. 

Nine  year  later,  existing  measures  pre- 
vented more  than  $3^0  million  in  damages. 


Navigation.  The  navigable  waters  of  the 
Region  include  the  bays,  estuaries  and 
coastal  waters  of  the  Pacific  Ocean  to 
the  west,  the  lower  Colorado  River  to 
the  southeast,  and  the  streams  and 
sloughs  of  the  lower  Sacramento  and  San 
Joaquin  River  systems. 

In  1965,  ports  and  waterway's  handled 
almost  100  million  tons  of  waterborne 
commerce — eight  percent  of  the  total  for 
the  United  States.  Petroleum  and  its 
products  comprised  almost  three  quarters 
of  the  Regional  total.  Metals,  chemi- 
cals, lumber,  and  agricultural  produce 
contributed  significantly  to  the  remain- 
der. In  1965)  about  25  percent  of  the 
recreational  boating  in  the  Region  was 
on  its  navigable  waters. 


The  port  complexes  of  San  Francisco  Bay, 
Los  Angeles  and  Long  Beach  handle  most 
commercial  navigation  in  the  Region. 


Much  of  the  rest  passes  through  the 
harbors  at  Humboldt  and  Crescent  City 
in  the  North  Coastal  Subregion  and  at 
Port  Hueneme  and  San  Diego  in  the  South 
Coastal  Subregion,  and  at  Stockton  and 
Sacramento  in  the  Delta-Central  Sierra 
Subregion.  The  Federal  Government  has 
dredged  channels  and  built  breakwaters 
and  other  works  at  many  of  these  ports, 
and  has  authorized  similar  projects  at 
the  remainder.  Petroleum  terminals, 
privately  owned,  lie  offshore  the  Cen- 
tral and  South  Coastal  Subregions. 

Existing  facilities  include  I90  miles 
of  channels  and  820  acres  of  anchorage 
areas  with  depths  of  30  to  50  feet; 

24  miles  of  protective  breakwaters  and 
jetties;  and  terminal  facilities  at  320 
wharves  and  on  3>600  acres  devoted  to 
handling  cargo.  Only  minor  requirements 
exist  for  the  release  of  water  stored 
behind  state  gr  federal  dams  so  as  to 
maintain  river  depths  sufficient  for 
sliips.  Although  the  Federal  Government 
has  authorized  a minimum  release  of 
4,000  cubic  feet  per  second  from  Shasta 
Dam  so  as  to  maintain  navigable  depth 
in  the  Sacramento  River,  releases  for 
other  purposes  generally  maintain  this 
minimum  flow. 

Recreational  boats  concentrate  heavily 
in  San  Francisco  Bay  and  along  the  San 
Francisco  and  Los  Angeles  coastlines. 

Harbors  and  marinas  for  small  craft, 
launching  ramps  for  trailered  boats, 
and  mcorings  for  transient  boats  cluster 
most  thickly  here.  The  lack  of  a chain 
of  liarbors  of  refuge  along  the  coast 
severely  constrains  boating  on  the 
coastal  waters  anc\  particularly,  inter- 
coastal cruising. 

Recreational  boats  berth  at  federally- 
funded  marinas  at  Marina  del  Rey, 

Redondo  Beach,  King  Harbor,  Mission 
Bay  iiarbor,  and  Oceanside  Harbor,  all 
in  the  South  Coastal  Subregion.  They 
berth  at  federal,  state,  county,  city 
or  private  marinas  along  the  coast,  in 
Gem  Francisco  baj',  or  along  the  Sacra- 
mento, San  Joaquin  or  Colorado  Rivers. 
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Federal  funding  at  such  marinas  applies 
to  breakwaters,  jetties,  channels,  and 
anchorage  areas,  but  not  to  docks.  In 
1965,  the  Region  provided  7,900  moor- 
ings or  transient  boats;  it  could  have 
’j.sed  in  additional  1,300  moorings.  It 
provi Jed  hi ,000  berths  for  small  craft 
and  ';ould  have  used  an  additional  10,300 
^erths.  It  provided  76O  launching  lanes 
and  hoists  to  handle  trailered  boats. 


Land  Development 


In  1965,  fifty- two  percent  of  the 
Region's  land  was  privately  owned. 
Private  ownership  included  nearly  all 
the  land  suited  to  intensive  agricul- 
ture (nearly  40  percent  of  such  owner- 
ship) as  well  as  nearly  all  that  suited 
to  urban  and  industrial  development.  It 
included  about  ^>0  percent  of  the  land 
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suited  to  timber  production  and  about 
62  percent  ot'  that  suited  to  grazinK. 

In  1965 j forty- four  percent  of  the 
Region's  land  was  federally  owned.  The 
Forest  Services  administers  44  percent 
of  tliis  land:  the  national  forests, 

lying  general  ly  in  tlie  mountainous 
areas  of  the  Region.  The  Rureau  of 
Land  Kanagement  administers  37  percent 
of  the  land,  most  of  which  lies  in 
mountain  foothills  and  deserts.  Both 
agencies  manage  their  lands  under 
miiltiple-use  concepts.  The  Lationeil 
Farh  Service  administers  an  additional 
9 percent  of  the  federal  land:  parks 

covering  desert,  seashore,  foothill, 
and  high-mountain  areas.  The  Defense 
Department  administers  6 percent  of  the 
land,  mostly  desert.  In  addition,  the 
Defense  Department,  the  Bureau  of  Rec- 
lamation, the  Fish  and  Wildlife  Service, 
and  the  California  Department  of  Fish 
and  Game  and  the  Oregon  State  Game 
Commission  possess  secondary  adminis- 
trative responsibilities  on  lands 
whose  primary  administration  lies  with 
other  federal  agencies  (Figure  6) . 

In  1965,  two  percent  of  the  Region's 
land  was  state  owned.  The  final  two 
percent  of  the  land  was  owned  by 
cities  and  counties,  mostly  in  parks 
and  roads,  and  by  school,  water,  and 
irrigation  districts,  etc. 

In  comparison  to  total  acreage,  that 
acreage  developed  for  intensive  use 
after  a hundred  years  of  settlement  in 
the  Region  is  quite  small.  Cities 
occupy  two  percent  of  the  Region;  roads, 
oil  fields,  and  utility  rights-of-way, 
another  two  percent;  military  bases, 
three  percent;  and  cultivated  land,  LI 
percent — two-thirds  of  which  is  irri- 
gated. Together  these  uses  occupy 
only  18  percent  of  the  Region  (Figure  9)* 

Most  of  the  Region,  including  both 
cities  and  deserts,  supports  some  sort 
of  wildlife.  The  floodplains,  always 
attractive  to  mankind,  have  been  the 
first  lands  settled  and  developed. 

And,  although  they  have  witnessed 


many  disasterous  floods,  the  develop- 
ments continue  to  increase. 

The  present  pattern  of  land  ownership 
and  administration  reflects  past 
policies  of  the  Federal  Government  in 
its  efforts  to  settle  the  Vfest:  the 

Homestead,  Timber,  and  Stone  Acts, 
mining  laws,  and  land  grants  to  states, 
railroads,  and  individuals,  effective!;,' 
lured  people  and  industry  into  the  West. 

Although  major  transfers  of  ownership 
occurred  during  the  19th  and  early  20tli 
centuries,  exchanges  of  public  and  pri- 
vate lands  continue  into  the  present. 

Shoreline.  Including  the  almost  3OO 
miles  of  shore  which  skirts  San  Francisco 
Bay,  and  the  almost  UOO  miles  which 
circle  eight  Channel  Islands,  the  ocean 
shoreline  of  the  Region  extends  more 
than  1,700  miles.  Three-quarters  of  the 
people  in  the  Region  live  within  an 
hour's  drive  of  some  portion  of  this 
shoreline . 
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In  1965 » cities,  farms,  and  forests 
occupied  about  1,000  miles  of  the  shore- 
line zone,  a strip  of  land  about  5OO 
feet  wide  which  includes  the  land  sub- 
ject to  sea  erosion.  Harbors,  military 
and  other  areas  occupied  the  remainder. 
About  600  miles  of  shoreline  lay 
under  public  control,  about  half  of 
it  by  the  Federal  Government. 

In  1965,  about  3OO  miles  of  publicly 
controlled  area  was  open  to  recreation: 
one-third  of  it  to  scenic  shoreline, 
another  third  to  swimming  beaches,  and 
a final  third  to  public  beaches  too 
cold,  too  dangerous,  or  too  rocky  for 
swimming.  Most  of  the  latter  beaches 
lay  along  the  northern  coast  and  were 
subject  to  unfavorable  exposure  as 
well  as  to  unfavorable  climate.  Most 
of  the  swimming  beaches  lay  along  the 
southern  coast. 

The  desire  to  swim  and  sunbathe  attrac- 
ted most  visitors  to  the  shoreline.  In 
addition  to  swimmers  and  sunbathers  how- 
ever, the  shoreline  areas  accommodated 
surfers,  scuba  divers,  free  divers, 
fishermen,  shellfishing  enthusiasis, 
picnickers,  campers,  driftwood  collec- 
tors, rock  collectors,  walicers,  wildlife 
watchers,  tidepool  explorers,  and 
motorists. 

In  1965,  swimming  along  the  shoreline 
accounted  for  53  million  recreation 
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days  of  use.  Shoreline  fishing  accounted 
for  an  estimated  four  million  recrea- 
tion days  of  use.  Other  activities 
accounted  for  an  additional  13  million 
recreation  days  of  use. 

Erosion  critically  threatens  almost 
300  of  the  1,100  shoreline  miles  it 
actively  affects.  More  than  60  percent 
of  the  threatened  areas  lie  in  the 
South  Coastal  Subregion,  most  of  them 
adjacent  to  highways  and  railroads,  or 
along  popular  swimming  beaches.  In 
1965,  average  annual  erosion  damages 
reached  an  estimated  $9, 900 >000. 

Pleasures  taken  to  fight  such  erosion 
include  artificially-widened  protective 
beaches,  stabilizing  groins,  revetments, 
seawalls,  offshore  breakwaters  and  sand 
bypassing  and  sand  replenishment  systems. 

By  1965,  the  Federal  and  State  Govern- 
ments had  built  11  miles  of  stabilization 
works  and  one  mile  of  seawall,  and  had 
replenished  l4  miles  of  beach.  All  but 
one  mile  of  these  works  lay  in  the  South 
Coastal  Subregion.  Counties  and  cities 
built  groins,  revetments  and  seawalls, 
and  placed  beach  fill.  For  the  most 
part,  private  measures  taken  for  shore- 
line protection  were  temporary. 

Minerals.  Of  the  $1.C  billion  in  min- 
erals produced  in  the  Region  in  1965, 
mineral  fuels  represented  about  64  per- 
cent; nonmetals,  32  percent;  and  metals, 


4 percent.  Altho\jgh  the  value  of  min- 
eral output  is  low  in  comparison  to  the 
total  regional  product,  mines  provide 
basic  raw  materials  for  other  industrial 
and  trade  activities.  Petroleum  and 
natural  gas  provide  most  of  the  energy 
needed  to  manufacture  and  transport  goods, 
to  light  the  cities,  to  pump  municipal 
water  and  to  dispose  of  municipal  waste 
waters.  Cement,  sand,  and  gravel  provide 
material  for  the  buildings  and  roads 
required  by  l8  million  people. 

Irrigation  and  Drainage.  In  1965 j in 
the  Region,  3, h35,C)00  irrigated  acres 
produced  8,765,000  acres  of  crops.  The 
additional  336>000  acres  of  crops  repre- 
sents double  cropping.  Production  of 
these  crops  required  delivery  of 
29,780,006  acre-feet  of  water  to  farm 
headgates.  Pasture  accounted  for 

1.551.000  acres — 16  percent — of  the 
irrigated  acreage.  Alfalfa  accounted 
for  1,415,000  acres;  deciduous,  vine- 
yard, and  subtropical  crops,  for 

1.207.000  acres;  miscellaneous  truck 
crops,  for  907,000  acres;  miscellaneous 
field  crops,  for  849,000  acres;  hay  and 
grain,  for  843,000  acres;  cotton,  for 

740.000  acres;  and  rice,  sugar  beets, 
and  citrus,  for  923,000  acres. 

Reservoirs  and  ground  water  provide 
most  of  the  water  used  to  irrigate 
crops  in  the  Region,  although  diversions 
direct  from  the  stream  are  numerous. 

More  than  260  state  and  county  water 


districts  in  the  Region  provide  water 
to  more  than  half  the  irrigated  acreage. 

In  1965,  surface  drainage  problems 
affected  about  764,000  acres;  subsurface 
drainage  problems,  about  1,517,000  acres. 

Recreation.  California  residents  seek 
70  percent  of  their  recreation  within  a 
one-hour  travel  radius. 

Most  nonurban  recreation  occurs  at 
national,  state  and  county  parks,  at 
developed  recreation  areas  on  the  public 
domain  at  wildlife  refuges,  on  military 
lands,  at  historic  sites  and  at  private 
resorts  generally  close  to  inland  or 
ocean  waters.  The  Region  contains  13 
national  parks  and  22  national  forests. 

Fish  and  Wildlife.  The  Region  provides 
a wide  range  of  biotic  communities  both 
on  its  public  and  private  lands  and  on 
its  waters.  Millions  of  waterfowl  cross 
the  Region  along  its  Pacific  Flyway. 

Ten  million  waterfowl  have  been  known 
to  winter  in  the  Region.  Important  water- 
fowl  areas  lie  along  the  coast  and  within 
interior  valleys  from  the  Klamath  Basin 
to  the  Salton  Sea. 

Game  is  widely  distributed.  In  1965j 
hunters  provided  almost  10  million  hunter- 
days  of  use  within  the  Region.  Forty- 
seven  percent  of  this  time  was  spent  in 
pursuit  of  upland  game;  38  percent,  in 
pursuit  of  big  game;  and  15  percent,  in 
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pursuit  of  vaterfowl.  Nature  studies, 
wildlife  photography,  and  bird  watching 
occupied  more  thaui  l4  million  days. 

Fishermen  provided  about  2k  million 
angler  days  of  use,  almost  80  percent 
of  which  occurred  in  inland  waters; 
and  the  remainder,  in  bays  and  the 
ocean.  Inland  fisherman  sought  trout, 
striped  bass,  sturgeon,  salmon,  steel- 
head,  shad,  and  warm-water  fish.  Bay 
and  ocean  fishermen  also  sov^ght  striped 
bass,  sturgeon,  salmon,  steelhead,  and 
shad. 

Twenty- five  state  and  federal  fish 
hatcheries  operated  in  I965,  together 
with  seven  research  stations  and  labor- 
atories. State  eind  federal  fish  and 
game  agencies  operated  33  wildlife 
management  areas.  Many  of  these  per- 
mitted the  hunting  of  waterfowl.  Others 
provided  winter  range  for  big  game  and 
year-round  habitat  for  upland  game. 

Public  fish  and  game  agencies  owned  or 
operated  392,000  acres  of  wildlife 
areas.  Public  agencies  managed  wildlife 
on  426,000  acres  of  military  land.  Mis- 
cellaneous refuges  established  by  legis- 
lative action  occupied  about  4,500,000 
acres.  The  largest  such  refuge,  occupying 
3.6  million  acres,  provided  protection 
for  the  wild  burro. 

Commercial  fishermen  landed  433  million 
pounds  of  fish.  This  catch  has  been 
valued  at  $50  million.  About  a fourth 
was  taken  from  bay  and  inshore  marine 
areas;  the  rest,  from  the  sea. 

In  1965 » the  catch  of  trapped  fur  ani- 
mals in  California  was  valued  at  more 
than  $100,000. 

Electric  Power.  The  principal  indus- 
trial developments  of  the  Region  lie 
where  sources  of  energy  are  reauiily 
available.  Thus,  major  industries 
center  in  both  the  Los  Angeles  and  the 
San  Francisco  Bay  area.  Improvements 
in  transportation  of  coal,  oil  and  gas 
will  make  future  locations  much  more 
flexible  than  those  of  the  past.  At 
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capacity  of  20,480  megawatts  and  produced 
about  96  biULion  kilowatt  hours  of  elec- 
tricity. Natural  gas  provided  fifty- 
nine  percent  of  this  energy;  oil,  17 
percent;  hydroelectric  plants,  23.5 
percent;  and  nuclear  fuel,  .5  percent. 


present,  the  high  cost  of  transporting 
Doth  coal  and  coke  has  restricted  their 
use  in  the  Region. 


The  structure  of  energy  supply  in  the 
Region  contrasts  with  that  in  other 
major  regions  of  the  United  States. 
Petroleum  and  natural  gas  have  provided 
the  basic  energy  for  this  Region.  Water 
power  has  provided  that  for  the  North- 
west; natural  gas,  that  for  the  South- 
west; and  coal,  that  for  the  remainder 
of  the  country. 


A 230  kilovolt  grid,  passing  generally 
from  north  to  south,  transported  most 
of  the  energy.  The  lines  extending 
from  this  grid  ranged  in  capacity  from 
n to  287  kilovolts.  In  1965,  trans- 
mission lines  of  115  kilovolts  and 
more  required  estimated  rights-of-way 
In  1965,  the  Region  possessed  a dependable  totaling  192,000  acres. 


Part  IV; 

WATER  AND  RELATED  LAND  RESOURCES  AVAILABILITY 


About  23  incites  of  rain  and  snow  fall 
on  the  Region  annually.  Of  this  aver- 
age, only  eight  inches  runs  off.  The 
rest  either  evaporates  or  evapotrans- 
pirates  into  the  atmosphere  or  perco- 
lates into  ground  water  basins.  The 
eight  inches  of  precipitation  resulted 
in  an  average  of  70  million  acre- feet 
of  natural  runoff*  annually  for  base 
period  1931-60. 

Surface  Water 

Geographical  distribution, among  the 
subregions, of  precipitation  and  natural 
runoff  for  the  period  appears  in  Table 
1 together  with  the  runoff  remaining 
with  1965  conditions  of  water 
development . 


Water  developments  are  designed  not  to 
serve  average  years  but  to  cope  with 
winter  floods  and  summer  droughts, 
with  years  of  high  runoff  and  years  of 
low  rxmoff.  both  rain  and  snow  feed 
the  streams  of  the  region.  The  rain- 
fed  streams  rise  and  fall  rapidly  with 
Trinter  storms.  The  snowfed  streams 
rise  in  the  spring  or  early  summer  and 
fall  in  the  later  summer.  All  streams 
have  diminished  by  later  summer. 

Streamflow  varies  not  only  by  season 
but  by  year.  In  the  period  between 
1931  and  i960,  annual  runoff  varied 
between  I6  million  acre-feet  in  1931 
and  113  million  acre- feet  in  1958; 
the  annual  average  for  this  period 
was  56  million  acre-feet.** 


* Natural  runoff  is  that  runoff  which  would  occur  were  no  water  developments  stor- 
ing and  using  water. 

**These  figures  are  based  on  the  level  of  water  development  in  1965* 


Toblel.  MEAN  ANNUAL  PRECIPITATION  AND  RUNOFF.  1931-1960 
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Floods  represent  one  runoff  extreme.  At 
least  ten  major  floods  have  struck  the 
Region  since  1950. 


Gro\md  Water 

Ground  waters  lie  in  the  sedimentary 
fill  of  more  than  250  ground  water 
basins  scattered  through  the  Region. 

Most  of  the  usable  ground  waters  how- 
ever, lie  in  the  Sacramento  and  San 
Joaquin  Valleys,  where  wells  supply 
extensive  irrigation. 

In  1965,  pumps  supplied  about  15  mil- 
lion acre-feet  of  ground  water:  two 

million  for  cities  and  industry,  euid 
13  million  for  agriculture.  The  safe 
ainnual  yield  of  the  ground  water  basins 
under  I965  conditions  is  an  estimated 
11.5  million  acre-feet.  Several  areas 
have  exceeded  this  safe  yield,  notably 
the  southern  San  Joaquin  Valley,  the 
Southern  California  coastal  plain,  and 
the  Antelope  Valley  of  Southern  Cali- 
fornia. The  result  is  an  overdraft  of 
about  3*5  million  acre- feet. 

Water  Quality 

Because  its  northern  streeuns  flow  copi- 
ously and  perennially,  and  because  many 
of  its  southem  streams  flow  only  inter- 
mittently, the  Region  practices  veiried 
techniques  of  waste  water  disposal.  To 
the  south,  far  more  frequently  than  to 
the  north,  waste  water  is  used  to 
recharge  ground  water  basins  lying 
beneath  floodplains  and  dry  river  beds. 
To  the  north,  such  waste  water  is  dis- 
charged into  rivers. 

The  quality  of  the  Region's  waters  is 
adequate  for  most  uses.  Although  res- 
ervoirs have  altered  the  relationship 
between  low,  average  and  flood  flows 
throughout  the  Region,  the  most  dra- 
matic alterations  have  occurred  in  the 
Central  Valley  and  to  the  south.  In 
some  cases,  releases  from  such  reser- 
voirs sustain  higher  base  flows.  In 


other  cases,  the  reservoirs  have  increased 
the  frequency  of  low  flows  and  thus  have 
affected  adversely  the  ability  of  a 
given  stream  to  absorb  waste  water  to 
the  degree  necessary.  This  ability 
varies  not  only  as  a function  of  flow, 
but  also  as  a function  of  locale  and  of 
intended  water  use.  That  quantity  and 
concentration  of  waste  constituents  which 
would  harm  Lake  Ta-hoe  would  affect  the 
Salinas  or  the  San  Joaquin  Rivers  only 
insignificantly. 

Land 

Rangeland  grass,  broeuileaved  herbs, 
chaparral,  brush,  desert  vegetation, 
and  coniferous  and  hardwood  forests 
occupy  most  of  th-.  Region.  About  21 
million  acres  are  suited  to  timber  pro- 
duction: about  2k  million  acres  to 

irrigated  agricultural  production.  Pub- 
lic anu  i^rivate  owners  hold  Eilmost  equal 
acreages.  The  United  States  Government, 
which  originally  held  about  90  percent 
of  the  Region  in  public  o'wnership  (the 
rest  having  been  granted  to  private 
owners  under  Spanish  and  Mexican  rule), 
early  disposed  of  most  lands  suited  to 
agriculture,  grazing,  cities,  and 
industry  to  private  owners.  Forested 
mountains,  brush  covered  foothills,  and 
desert  comprise  most  of  the  lands  remain- 
ing to  public  ownership.  Much  of  this 
public  land  provides  areas  cnicially 
needed  for  fisheries,  wildlife  habitat, 
recreation,  and  timber. 

Minerals 

Stone,  sand,  and  gravel  for  construction, 
although  they  exist  in  quantity,  probably 
will  be  in  short  supply  throughout  the 
San  Francisco  Bay  and  Los  Angeles  areas, 
and  will  be  shipped  in  from  more  distant 
deposits.  By  2020,  the  decline  of  petro- 
leum production  to  half  its  1965  level 
will  have  necessitated  domestic  or  foreign 
imports.  The  Region  will  need  to  continue 
to  import  natxiral  gas:  demand  has  exceed- 

ed production  since  19^7.  Reserves  of 
salt,  boron,  and  sodivun  compounds  are 
expected  to  suffice  for  100  years. 

Metal  production  is  expected  to  double. 
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Figure  lO-  FLOOD  DAMAGE 
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PartV:  PROBLEMS  AND  NEEDS 


This  study  assumes  a growth  of  popula- 
tion and  economy  which  will  create  a 
growth  in  the  need  for  goods  and  serv- 
ices, Appendix  XVIII  summarizes  the 
methods  used  to  translate  population 
projections  into  projections  of  needs. 


Flood  Control 

Average  annual  flood  damages  estimated 
for  1965,  1980,  2000,  and  2020  illus- 
trate the  magnitude  of  the  need  for  a 
future  program  of  flood  control  (Fig- 
ure 10) . 

The  Region  must  reduce  flood  damage  to 
a reasonable  level  by  further  control- 
ling floodflows  and  by  acting  to  reduce 
their  damaging  effects.  Agricultviral 
areas  should  receive  protection  from 


the  once-in-10  to  the  once-in-50  year 
flood;  urban  areas,  from  the  once- in- 100 
year  flood  to  the  standard  project 
flood. 

Figure  11  suggests  a comprehensive 
flood  damage  prevention  program. 

Flood  control  prevents  property  damage, 
human  suffering,  and  the  loss  of  life , 
goods  and  services.  Although  existing 
flood  control  measures  afford  a high 
degree  of  flood  protection,  problems 
still  exist.  Floodplain  lands,  for 
example,  are  ideally  located  for  resi- 
dential, commercial,  industrial  and 
agricultural  development.  But  as  the 
use  of  floodplain  lands  increases,  and 
as  intensive  development  of  watershed 
areas  results  in  increase  runoff,  flood 
damage  to  floodplain  lands  will  increase. 
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Watershed  Management 

Problems  of  watershed  management 
include  those  of  erosion,  sedimentation, 
flooding,  and  wildfire.  Vegetative 
management  to  reduce  water  use  and 
increase  snow  accumulation  would 
increase  runoff,  water  quality,  and 
water  yields. 

In  1965  more  than  44  million  acres 
within  the  Region  possessed  the  poten- 
tial for  moderate  or  severe  erosion. 

An  estimated  21, PCX), 000  acres  suffered 
from  active  erosion.  Specific  water- 
shed management  programs  could  resolve 
problems  of  active  erosion  on  T, 200, 000 
of  these  acres.  Proper  management  of 
croplands,  forage,  and  timber  produc- 
tion could  resolve  such  problems  on 
the  remaining  acreage  (Figure  12). 

Unless  additional  fire  prevention  and 
suppression  programs  are  provided  for 
64  million  acres,  however,  i/ildfire 
damage  in  2020  vri.ll  exceed  that  of  I965 
by  250  percent. 


Shoreline 


Within  its  shoreline  zone,  the  Region 
must  reduce  the  potential  for  erosion 
(Figure  12),  must  meet  the  need  for 
beaches,  and  must  conserve  its  scenic 
shoreline . 

In  1965*  public  beaches  and  scenic 
shoreline  proved  generally  adequate 
to  meet  Regional  needs,  although  some 
beaches  near  large  cities  proved  defi- 
cient and  urban  encroachment  threat- 
ened some  reaches  of  scenic  shoreline. 


Figure  13  presents  projected  needs  for 
public  recreational  shoreline.  Shore- 
line areas  must  include  appropriate 
provisions  for  fishing,  for  picnicking, 
for  tide-pool  exploration,  for  nature 
study,  for  camping  in  the  uplands  Eidja- 
cent  to  the  beaches,  for  parking  and 
for  access  to  the  beaches. 


Figur*  13 

SHORELINE  RECREATION  NEEDS 
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About  one- fourth  of  the  mainland  shore- 
line suffers  critically  from  erosion. 
Erosion  damages  in  2020  will  be  almost 
five  times  greater  than  those  of  I965 
(Figure  1^). 


Water  Quality  and  Pollution  Control 

Waste  is  discharged  in  general  propor- 
tion to  the  per  capita  use  of  water. 

The  Region  must  protect  its  water 
environment  by  adopting  water  quality 
standards  to  control  unwise  or  improper 
waste  discharges  from  cities,  indus- 
tries, and  farms  (Figure  15)*  In  par- 
ticular, such  standairds  should  control 
the  disposal  of  waste  thermal  waters 
from  steam  electric  powerplants, 
should  regulate  the  treatment  of 
waste  municipal  and  waste  saline  agri- 
cultural waters,  and  should  govern  the 
management  of  flows  in  the  Sacramento- 
San  Joaquin  Delta. 


Figur*  14:  SHORELINE  EROSION  DAMAGE* 
(1965  Pric*  Uv«l«) 
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Recreation 


The  demand  for  outdoor  recreational 
facilities  in  2020  will  be  three  times 
that  of  1965  (Figure  16).  By  2020, 
for  example,  the  Region  will  need  an 
additional  187,000  acres  of  flatwater 
surface,  most  of  it  as  near  to  cities 
as  possible. 


Figure  16:  RECREATION  NEEDS 
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Unmet  needs  will  grow.  Almost  95  per- 
cent of  the  unmet  needs  for  outdoor 
recreational  facilities  in  I965  vas 
for  city  parks  and  playgrounds.  The 
local  and  state  governments  that  must 
meet  such  needs  probably  will  continue 
to  be  least  financially  able  to  do  so. 
Thus,  all  levels  of  government  must 
coordinate  their  efforts  so  as  to  gain 
the  recreational  goals  of  each  level. 

The  Region  must  emphasize  the  preserva- 
tion of  its  wilderness,  open  spaces, 
and  historical  and  archeological  sites. 
Already,  growing  cities,  impounded 
waters,  and  concrete  channels  have 
altered  many  stream  reaches.  Develop- 
ments proposed  for  many  of  the  remain- 
ing reaches  would  alter  them  also. 
Furthermore,  the  ntomber  of  campers  and 
off- road  vehicles  will  increase.  Thus, 
natural  areas  will  not  remain  available 
for  future  generations  unless  the 
Region  rates  its  social  and  environ- 
mental values  equally  with  its  eco- 
nomic values.  It  must  limit  the  rec- 
reational uses  of  wild  areas  to  those 
which  will  not  harm  the  areas.  It  must 
provide  facilities  in  developed  areas 
to  accommodate  all  forms  of  recreation. 

Fish  and  Wildlife 


Time  spent  in  hunting  and  fishing  in 
2020  will  be  about  three  times  that  spent 
in  1985  (Figure  I6).  To  provide  the 
proper  habitat  for  fish  and  wildlife  and 
needed  isolation  for  fishermen,  hunters, 
and  wildlife  lovers,  the  Region  will  have 
to  set  aside  more  than  one  million 
additional  acres  of  land,  and  more  than 
one  million  additional  acre- feet  of 
water.  The  estimate  for  water,  most 
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support  many  forms  of  fish  and  wild- 
life, It  particularly  must  preserve 
its  endangered  and  rare  species  of 
fish  and  wildlife.  An  endangered 
species  is  one  whose  present  prospects 


of  which  would  serve  waterfowl  areas 
does  not  include  water  used  instream 


The  Region  must  preserve  its  wildem 
ness  and  estuarine  areas,  as  these 


for  survival  are  Jeopardized;  a rare 
species  is  one  whose  numbers  are  few 
througiiout  its  range.  In  1968,  the 
U.  S.  Bureau  of  Sports  Fisheries  and 
Wildlife  listed  26  species  in  the 
Region  as  endangered;  it  listed  10 
species  as  rare. 


Land  and  Water 


Figures  17  and  lb  show  the  expected 
increase  in  requirements  for  land  and 
water. 


Irrigated  cropland  will  increase  and 


Figure  18 : 

APPLIED  WATER  REQUIREMENTS 


non-irrigated  cropland,  decrease. 
Estimates  assume  that  yields  per  acre 
pei  crop  will  increase  by  27  to  l40 
percent  between  I965  and  2020.  They 
assume  an  average  increase  of  8l  per- 
cent. Such  increased  yields  will 
reduce  the  irrigation  requirement  in 
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2020  by  more  than  30  million  acre-feet 
from  that  which  would  have  been  required 
with  1965  yields. 

Of  the  water  applied  in  19^5,  about  98 
percent  served  the  needs  of  farm,  city, 
and  industry.  This  is  in  addition  to 
instream  uses  for  fish,  recreation,  and 
water  quality.  Increases  in  irriga- 
tion supply  will  require  complementary 
increases  in  drainage  works.  In  2020, 
municipal  and  industrial  requirements 
for  water  will  triple,  and  require- 
ments for  land  will  double,  those  of 
1965,  Such  increases  in  requirements 


will  create  problems  of  water  supply, 
waste  water  disposal,  zoning  and  open 
space . 

Commercial  Navigation 

Commercial  siiips  moving  through  coastal 
and  inland  ports  play  an  increasingly 
important  role  in  the  growth  of  the 
California  Region.  In  I967,  exports 
and  imports  amoiunted  to  five  billion 
dollars. 

Commercial  navigation  needs  are  reported 
in  tons  of  waterborne  commerce. 


Petroleum  and  petroleum  products  -sd-ll 
represent  an  estimated  sixty  percent  of 
such  commerce  by  2020,  Foreign  commerce, 
particularly  imports,  will  grow 
considerably. 


Figure  19  projects  the  needs  for  water- 
borne commerce.  Although  both  BASF 
PLATI  and  OBERS  projections  correspond 
regionwide,  the  OBERS  projections  wo\a1u 
result  in  about  7.6  million  more  tons 
of  cargo  moving  through  the  Los  Angeles- 
Long  Beach  harbors  in  the  South  Coastal 
Subregion  by  the  year  2020.  T}iis  increase 
would  be  offset  by  a corresponding  de- 
crease in  waterborne  commerce  at  ports 
in  the  San  Francisco  Bay  Delta^Central 
Sierra  Subregions. 


Figure  19=  COMMERCIAL  NAVIGATION  NEEDS 
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As  a result  of  radical  changes  in  ves- 
sel design  and  cargo-handling  tech- 
niques, many  existing  waterways  and 
port  facilities  are  obsolescent.  To 
retain  competitive  status  with  other 
world  ports  and  to  meet  the  require- 
ments of  extreme-draft  petroleum 
tankers,  dry-bulk  carriers,  and 
container-ships,  port  facilities  must 
undergo  major  modification. 

To  accommodate  larger  ships,  existing 
channels  and  basins  must  be  deepened, 
and,  in  some  instances,  lengthened; 
land  areas  must  be  expanded;  the  invest- 
ment in  terminal  and  transfer  facili- 
ties must  be  substantially  increased. 
Specialized  bulk- loading  and  container- 
handling terminals  require  far  greater 
acreages  of  backup  land  per  ship  than 
do  the  conventional  break- bulk,  general- 
cargo  wharves. 

The  port  complexes  of  the  San  Freincisco 
Bay  and  South  Coastal  Subregions  must 
bear  the  brunt  of  the  growing  needs. 
Together  these  facilities  liandled  about 
eighty  percent  of  the  Region's  water- 
borne commerce  in  1965.  They  are  ex- 
pected to  handle  more  than  ninety  per- 
cent in  2020. 


Recreational  Wavigation 


Increases  in  population,  leisure  time, 
and  disposable  income  have  resulted  in 
increases  in  the  number  of  shallow 
draft  boats.  The  future  needs  of  rec- 
reational navigation  are  assessed  in 
terms  of  permanent  berthing,  transient 
moorings  and  launching  lanes  required  to 
accommodate  projected  shallow  draft  boat 
populations . 

Transient  moorings  would  require  all- 
^reather  protection  and  necessary  support 
facilities  within  harbors  of  refuge  or 
niiltiple-purpose  harbors.  The  needed 
coastal  harbors  of  refuge  would  pro- 
vide new  boating  destinations,  encourage 
cruising,  and  open  presently  under-used 
fishing  grounds  to  recreational  fishing 
(Figure  20). 


Figur*  20:  RECREATIONAL  NAVIGATION  NEEDS 
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KILOWATT-HOURS,  IN  TRILLIONS 


I 

t 

i 


1 


Electric  Power 

The  Region's  need  for  electric  power  in 
2020  will  be  twenty  to  twenty- five  times 
that  in  1965  (Figure  21) . Hydroelectric 
powerplants  wiJJL  provide  only  about  three 
percent  of  the  electricity  consumed, 
although  their  capacity  will  have  doubled. 
Steam  electric  plants,  many  using  nuclear 
fuels,  will  produce  the  remaining  elec- 
tricity. PowexTDlants  will  require  about 
36,000  acres  of  land.  Transmission  lines 
with  voltages  of  500  kilovolts  or  more 
will  require  229,000  acres;  lower  voltage 
networks  will  require  additional  acre- 
age. Freshwater  consumption  will 
increase  from  about  25,000  acre-feet  in 
1965  to  about  o0,000  acre- feet  in  2020. 

The  large  amounts  of  cooling  water 
required  for  steam-electric  plants  would 
be  available  at  seashore  sites  although 
construction  at  such  sites  will  involve 
problems  of  land  use  and  water  tempera- 
ture. Legal  and  institutional  problems 
of  site  regulation  and  licensing  will 
increase. 


f igutc  22;  POSSIBLE  *ILD  AND  SCENIC  RIVERS 
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Part  VI: 


REGIONAL  COMPREHENSIVE  FRAMEWORK  PLANS 


Framework  study  guidelines  established 
by  the  United  States  Water  Resources 
Council  state  that  a framework  plan 
should  show  "the  best  use,  or  combina- 
tion of  uses,  of  water  and  related  land 
resources  of  a region  to  meet  foreseeable 
short-  and  long-term  needs." 

Such  a plan  recognizes  the  well  being 
of  the  people  as  it  considers  both  the 
preservation  and  the  economic  develop- 
ment of  such  '".dtural  resources  as  water, 
land,  minerals,  wildlife,  recreation, 
forage,  and  timber.  The  National  Envi- 
ronmental Policy  Act  of  1969  declares 
that  a1 1 practicable  means  should  be 
used  to  create  conditions  under  which 
man  and  nature  can  harmoniously  fulfill 
the  social,  economic,  and  other  require- 
ments of  future  generations  of  Americans. 
Framework  plans  provide  one  means  to 
this  end. 

Planning  Considerations 

Framework  plfins  broadly  analyzed  prob- 
lems of  water  and  related  land  re- 
sources and  appraise  probable  solutions. 
The  plans  are  preliminary.  They  weigh 
general  relationships,  reasoned  approxi- 
mations, available  data  and  experienced 
judgment. 

Water  presently  allocated  but  not  yet 
put  to  use  was  reserved  for  the  future 
use  of  the  allottee.  New  water  was 
provided  to  replace  presently  used 
water  for  which  legally  established 
adverse  claims  existed,  as,  for  example, 
in  the  case  of  the  Colorado  River. 

Annual  importations  from  the  Colorado 
River  were  assumed  not  to  exceed  4.4 


million  acre- feet,  an  amount  less  t'nan 
historic  imports  but  representing 
the  .Varch  9,  19^4  Supreme  Court 
Decision  (Arizona  vs  California). 

All  plans  carefully  considered  the  pre- 
servation of  natural  areas  such  as 
deserts,  wilderness,  seashores,  bays, 
deltas  and  rivers.  Plans  for  the 
development  of  recreation,  fisheries, 
wildlife  and  water  particularly  con- 
sidered the  preservation  of  wild  rivers. 
Figure  22  names  rivers  which  recrea- 
tionists suggest  might  qualify  as  wild, 
scenic,  or  recreational. 

The  needs  for  development  were  based  upon 
the  three  projected  rates  of  economic 
growth:  OBERS,  Base  Flan,  eind  Series 

D-1970.  Many  types  of  need  were  con- 
sidered: a need  of  agriculture  for 

drainage  and  irrigation  water;  a need 
of  cities  and  industry  for  water;  needs 
for  electric  power,  flood  control,  rec- 
reation, shoreline  protection  and  develop- 
ment, and  land  treatment  and  management; 
the  needs  of  navigation,  fisheries,  and 
wildlife;  and  a need  for  water  of  good 
quality. 

A Plan  for  Water  Development 

By  2020,  present  water  supply  projects, 
including  those  under  construction,  will 
have  eliminated  the  ground-water  over- 
draft of  1965  and  will  have  provided 
about  40  million  acre-feet  of  water  annu- 
ally. Requirements  for  additional  water 
emnually  to  meet  projected  needs  of  the 
Region  will  range  from  five  million 
acre-feet  (Series  D-1970  estimates)  to 
13  million  acre-feet  (Base  Plan  estimates). 
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Figure  23  catalogs  a number  of  ways  in 
which  such  water  needs  might  be  met. 
Some  01  ;hese  ways  are  time  tested  and 
conventional;  others  (under  current 
test)  approach  the  conventional;  others 
arc  unproven  but  offer  promise;  and 
others  are  of  theoretical  promise,  if 
practical  obstacles  could  be  overcome. 

Not  all  of  the  ways  can  be  applied  in 
the  Region:  Because  its  ground  water 

basins  generally  already  are  overdrawn, 
the  Region  cannot  increase  ground  water 
pumping,  although  it  might  articifi- 


cieilly  recharge  its  basins  or  substi- 
tute ground  water  reservoirs  for  sur- 
face water  reservoirs. 

Existing  data  permitted  complete  analy- 
sis (including  cost  analysis)  of  a 
single  plan  for  development.  This  plan 
draws  heavily  on  North  Coast  streams  as 
a source  of  water  to  satisfy  require- 
ments associated  with  rapid  growth  pro- 
jections. The  substitution  of  reclaimed 
waste  water  and  desalinated  sea  water 
for  some  of  the  surface  storage  in  this 
plan  would  permit  greater  enhancement 


Toble  2:  A PLAN  FOR  DEVELOPMENT  Elements 
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Table  3;  A PLAN  FOR  DEVELOPMENT:  Unmef  Needs 


Population  Trowth 

Rate 

Flan  Clement 

Measureeent  Unit 

l<»j5 

base  Plan 

1 

OHERE 

1 Series  D-197D  | 

I'leo  [ 

200C  j 2020 

1 1960 

1 PkXh’ 

1 2020 

1 1960  1 2000 

2020 

Navigatton  (He<re«tt>'nal) 

Permanent  Mrlhlngs 

Each 

10,320 

6,2<» 

8,450  10 

500 

4,790 

7,R9C 

17,240 

*^.310  5,83c 

6,700 

Transient  Mor-rtngs 

Each 

0 

0 

0 

0 

400 

5.60P 

0 0 

0 

Launching  Lanes 

bach 

0 

0 

19 

55 

0 

0 

lit 

0 0 

0 

Flood  Control 

Daaage  Reduction 

ll.JiX)  ,000/year 

107 

104 

101 

UR 

100 

93 

9* 

101  w. 

97 

Shoreline  Protectlcwi  t 1-evelopaent 

Oaaage  Reduction  (Erosion) 
Resch  (Recreation) 

tl , one  ,000/year 

<».Q 

7.3 

5.6 

4.4 

7.3 

5.6 

4.4 

7.3  5.6 

4.4 

SwlMlng 

Miles 

0 

0 

0 

5 

0 

9 

4U 

0 0 

5 

Ron- svl  wing 

Miles 

1 

1 

3 

h 

1 

h 

6 

1 3 

I* 

Recreactloc 

Facilities  (Class  I & III* 

Acres  (l,000*s) 

147 

197 

356 

563 

211 

374 

597 

in  264 

399 

Water  Surface 

Acres  UiOOO’s) 

13 

n 

59 

137 

9 

56 

13C 

9 35 

82 

Recreation  - 

Dvs  (1,000. OOO's) 

43? 

518 

918  1 

474 

519 

923 

1.483 

463  710 

961 

Hunter  (Waterfowl)  - 

Days  U,000,oa''s) 

0 

0.5 

1.1 

1.6 

0.5 

1.1 

1.6 

0.4  0,9 

1.1 

Water  i^uallty  (Municipal  ‘b 

Industrial) 

Waste  Water  Treataent 

PopuIatl<M  Equivalents^^ 

14 

10 

0 

0 

10 

0 

0 

10  0 

0 

(1,000,000' # ) 

Wstershed  Managesent 

Dansge  Reduction  (Wildfire) 

$1 ,0W  ,000/year 

16 

16 

16 

16 

16 

16 

16 

16  16 

16 

Erosion  K Sediment 

Acres  (l, OOO's) 

7,200 

4.20C 

300 

0 

4,200 

300 

0 

4,200  30C 

0 

Tlaber  Production 

Cubic  feet/yeau"  (billions) 

0 

0.3 

1.0 

2.0 

0.3 

1.0 

2.0 

0.2  0,7 

1.3 

• For  description  of  Recreation  land  Classes,  see  Appendix  XII 

■«  Waste  loads  from  various  sources 

on  a cosBon  basis  of  0.17  pounds  of  oi^gen  per  day 

In  blocheaical 

oxidation 

under  a 

standard 

test.  In  1965  the 

eed 

was  for  treataent  of  a populatlan 

equivalent  of  31»0f^»000 

of  fish  and  wildlife  habitat,  and  wild, 
scenic,  and  recreational  rivers. 

Table  2 describes  elements  of  the  plan 
for  development;  Table  3>  remaining 
projected  needs  which  this  plan  fails 
to  meet. 

The  reservoirs  and  delivery  systems  of 
the  plan  will  meet  all  projected  water 
supply  needs  for  municipal,  industrial, 
and  agricultural  water.  Its  drainage 
system  will  meet  all  needs  for  agri- 
cultural drainage.  Water  supply  ele- 
ments of  the  plan  also  include  the 
reclamation  of  560,000  acre- feet  of 
water  annually  by  2020. 

Thermal  powerplaint  elements  of  the 
plan  will  meet  most  of  the  projected 
electric  power  needs;  hydroelectric 
plants  will  meet  the  rest. 

Commercial  navigation  elements — channels, 
breakwaters,  basins,  berths,  etc. — will 
meet  all  needs  projected.  Recreational 
navigation  elements--berths,  moorings, 
and  launciiing  lanes — \d.U  meet  most 
needs  projected. 

Flood  control  elements,  including  those 
of  floodplain  regulation  and  watershed 


Figure  23:  WAYS  TO  MEET  WATER  NEEDS 


Increase  Natural  Sxxpply 

Modify  Weather 
Convert  Sea  Water 
Develop  Geothermal  Water 
In^wrt  Water 

Prevent  Natural  Waste 

Develop  Surface  Storage 
Use  Ground  Water  Basin 
Manage  Watersheds 
Siqipress  Evaporation 

Reuse  Water 

Reclaim  Waiste  Water 

Reduce  Water  Demands 

Improve  Water  Project  Operation 
Improve  Irrigation  Efficiency 
Reduce  Municipal  Water  Use 
Reduce  Industrial  Water  Use 
Increase  Crop  Yields 

Reduce  Food  and  Fiber  Demands 

Import  Goods  and  Services 
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management,  generally  will  hold  flood 
damages  (which  otherwise  would  have 
increased  at  least  five  times)  to  I965 
levels,  Atte...pts  toward  further  reduc- 
tions would  not  be  practicable  because 
of  the  non-concentrated  remaining  flood 
damages. 

Shoreline  protection  elements  include 
shoreline  stabilization  and  beach  replen- 
ishment, seawall  construction  and  new 
beaches.  Shoreline  development  elements 
include  zoning  and  the  acquisition  of 
additional  scenic  shoreline  and  beaches. 
Plan  elements  will  not  meet  a1 1 projected 
shoreline  protection  needs;  attempts  to 
eliminate  all  shoreline  erosion  com- 
pletely, for  example,  would  be  imprac- 
tical. Nor  will  they  meet  all  needs 
for  beaches:  the  amount  of  suitable 

shoreline  is  limited. 

Recreational  elements  (excluding  navi- 
gation) will  provide  for  an  additional 
64b  million  recreation  days  of  use  in 
2020.  BASE  PLAN  projections  show  that 
urban  needs  for  an  additional 
1,474,000,000  recreation  days  will 
remain  unmet.  Indeed,  recreational 
elements  of  the  plan  for  development 
outlined  here  will  meet  only  37  percent 
of  total  needs,  euid  non-federal  agencies 
will  meet  only  one-fifth  of  the  needs 
they  would  be  expected  to  satisfy. 
Although  existing  physiceil,  legal,  insti- 
tutional, and  financial  constraints 
render  additional  development  unlikely. 
Appendix  XII  does  discuss  development 
plans  which  assume  no  such  constraints. 

r'ish  and  wildlife  elements  of  the  plan 
for  development  will  meet  all  needs 
except  tiiose  for  waterfowl  hunter-days. 
The  Region  will  lack  sufficient  water- 
fowl 'uabitat  and,  thus,  sufficient 
waterfowl. 

Water  quality  elements  will  provide  for 
secondary  treatment  at  all  new  facili- 
ties and  will  upgrade  existing  facili- 
ties, and  upon  replacement,  to  provide 
secondary  treatment,  ijy  I960,  some 
facilities  will  provide  secondary  treat- 
ment; by  2000,  all  facilities  will  do 
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Table  4:  A PLAN  FOR  DEVELOPMENT: 


Flan  Eletnent 

Population  Growth  Rate 



Base 

Plan 

J 

Installation  ] 

1 

Annual  Operation, 
Maintenance , Replacement 

1966- 

1980 

1981- 

2000 

2001- 

2020 

Total 

Incremental 

1966- 

1980 

i960  ! 

2000 

2020 

WATER  DEVELOPMENT  COSTS 

Water  Supply 

Irrigation,  Drainage 

2,227 

2,UlU 

1,018 

5,659 

33.2 

33.1 

9.5 

1,462 

Municlp&l,  Induatrial,  Treatment 

2,767 

1,716 

2,951 

7,434 

96.4 

54.2 

76.0 

2,615 

Eilectrlc  Power  (Hydro) 

1,101 

6U7 

0 

1,748 

13.0 

9.0 

0 

1,101 

Navigation 

500 

906 

936 

2,342 

13.1 

21.0 

25.3 

502 

Flood  Control 

1,U12 

1,1*74 

1,006 

3,892 

n.o 

16.2 

14.1 

1,410 

Shoreline  Protection  & Development 

70 

63 

54 

187 

0.8 

1.1 

0.8 

70 

Recreation 

1U2 

75 

100 

317 

^.2 

1.5 

3.0 

85 

Fish  & Wildlife 

32 

0 

81 

2.7 

4.9 

0 

32 

Water  Quality 

2,350 

3,221 

3,065 

8,636 

43.3 

59.4 

65.8 

2,316 

Watershed  Management* 

65 

64 

31 

160 

7.2 

17.8 

25.3 

65 

Subtotal 

10,666 

10,629 

9,161 

30,456 

224.9 

218.2 

219.8 

9,658 

Federal 

(5,273) 

(7,075) 

(5,834) 

(18,182) 

(70.4) 

(82.9) 

(79.2) 

(4,389) 

Non-Federal 

(5,393) 

(3,554) 

(3.327) 

(12,274) 

(154.5) 

(135.3) 

(140.6) 

(5,269) 

ASSOCIATED  COSTS 

Electric  Power 

Theraal 

3,373 

14,189 

31,523 

49,085 

410.0 

1, '969.0 

4,164.0 

3,373 

Transmission  Lines 

2.766 

10.360 

20,800 

33,926 

73.1 

273.1 

423.0 

2,766 

Recreation 

866 

810 

i,m 

2,787 

91.7 

77.5 

106.0 

870 

Watershed  Management 

978 

1,086 

855 

2,919 

181.0 

353.8 

580.2 

824 

Subtotal 

7,983 

26,4U5 

54,289 

88,717 

755.8 

2,673.4 

5,273.2 

7,833 

TOTAL  COSTS 

TOTAL 

18,6U9 

37,074 

63,450 

119,173 

980.7 

2,891.6 

5,493.0 

17,491 

* Includes  costs  of  supplying  water  for  ninlng 
**  Not  available 


so.  By  this  latter  year,  water  quality 
elements  will  meet  all  needs  for  treat- 
ment of  municipal  and  industrial  waste 
water.  In  addition  to  such  treatment, 
water  quality  elements  will  treat  agri- 
cultural drainage,  will  collect  harbor 
wastes,  will  eliminate  toxic  drainage 
from  mines,  will  manage  water  quality 
in  f e Salton  Sea  and  in  reservoir 
systems,  will  study  specific  problem 
areas,  and  will  develop  a mathematical 
model  of  water  quality  (and  quantity) 
for  a major  part  of  the  Region. 

Watershed  management  elements  of  the 
plan  for  development  will  attempt  to 


manage,  treat  and  develop  lands,  and  to 
improve  yields.  They  will  provide  for 
the  partial  suppression  of  wildfire, 
erosion,  and  sedimentation;  to  provide 
complete  suppression  would  prove  uneco- 
nomic. They  will  help  meet  the  need 
for  food  and  fiber  with  programs  for 
cropland,  grazing  land  and  timberland. 
Under  the  best  management,  however,  the 
Region  could  produce  only  an  estimated 
1,400,000,000  cubic  feet  of  timber  annu- 
ally, an  amount  which  falls  far  short 
of  its  needs  in  2020,  Thus  it  will 
have  to  increase  inq)orts  of  timber. 
Similarly,  it  will  have  to  increase 
imports  of  feed  grain,  livestock  and 
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population  Growth  Hate 


OBERS 

series  D-1970  | 

Installation 

Annual  Operation, 
Maintenance,  Replacement 

Installation 

Annual  Operation, 
Maintenance,  Replacement 

1^ 

2001- 

2020 

Total 

Incrementa, 

llUj- 

1960 

2000 

2001- 

2020 

Total 

Incremental 

i960  2000 

2020 

I960  2000  2020 

1,690 

536 

3,688 

16.1 

23.7 

WATER  DEVELOPMENT  COSTS 

9.1  1,675  1,467 

488 

3,630 

29.5 

25.6 

3.6 

1,497 

1,857 

5,969 

75.4 

45.6 

60.7 

2,645 

754 

892 

4,291 

71.8 

34.0 

36.4 

647 

0 

1,748 

13.0 

9.0 

0 

1,101 

499 

647 

0 

1,748 

13.0 

9.0 

0 

930 

1,051 

2,483 

13.1 

21.5 

26.1 

646 

882 

2,-27 

14.5 

23.1 

27.8 

1,415 

967 

3,792 

11.0 

16.0 

14.0 

1,383 

1,338 

932 

3,653 

11.0 

16.0 

14.0 

63 

54 

187 

0.8 

1.1 

0.8 

70 

63 

54 

187 

0.8 

1.1 

0.8 

40 

68 

193 

4.2 

1.5 

3.0 

133 

80 

61 

294 

4.2 

1.5 

3.0 

49 

0 

81 

2.7 

4.9 

0 

»» 

** 

3M> 

*-* 

** 

3,088 

2,793 

8,197 

42.4 

53.8 

54.1 

2,280 

2,Q16 

2,582 

7,778 

34.3 

46.8 

43.5 

64 

31 

160 

1.9 

5.5 

10.6 

65 

64 

31 

160 

7.0 

17.7 

25.3 

9,483 

7,357 

26,498 

180.6 

182.6 

178.4 

9,851 

8,175 

5,942 

23,968 

186.1 

174.8 

154.4 

(6,077) 

(4,060) 

(14,526) 

(43.4) 

(64.5) 

(50.9) 

(4,593) 

(5,029) 

(3,182) 

(12,804) 

(51.9) 

(66.7) 

(53.5) 

(3,406) 

(3,297) 

(11,972) 

(137.2) 

(118.1) 

(127.5) 

(5,258) 

(3,146) 

(2,760) 

(11,164) 

(134.2) 

(108.1) 

(100.9) 

ASSOCIATED  COSTS 


14,189 

10,360 

774 

948 

31,523 
20,800 
' 1,012 
781 

49,085 

33,926 

2,656. 

2,553 

410.0 

73.1 

02.0 

169.3 

1,96q.O 

273.1 

74.8 

321.8 

4,164.0 

423.0 

98.7 

540.3 

3,200 

85^ 

q21 

12,400 

•-» 

689 

989 

25,200 

«-» 

862 

710 

40,800 

«-» 

2,405 

2,620 

** 

** 

90.8 
173  > 

** 

*« 

68.4 

328,1 

** 

«-» 

87.^ 

525.3 

26,271 

54,116 

88,220 

744.4 

2,638.7 

5,226.0 

«-» 

** 

** 

•* 

«-» 

«« 

** 

TOTAL  COSTS 

35,754 

61,473 

114,718 

'52*).0 

2,821.3 

5,4o4.4 

*-* 

«-• 

** 

*-» 

•* 

** 

meat,  because  sufficient  grazing  land  is 
not  available  and  it  will  have  to  shift 
from  rangeland  grazing  to  greater  use 
of  concentrates. 

Costs.  Table  4 shows  both  water  develoj)- 
ment  costs  (federal  and  non-federal)  and 
associated  costs  of  a plan  for  develop- 
ment, The  associated  costs  are  several 
times  greater  than  the  water  development 
costs.  The  costs  shown  represent  recon- 
naissance estimates  and  rest  upon 
regional  experience  and  I965  price  levels. 
They  exclude  costs  of  fish  and  wildlife 
research,  of  game-law  enforcement,  and 
of  municipal  water  systems,  on-farm 


domestic  water  systems,  piers,  wharves, 
warehouses,  marinas,  harbor  access  roads, 
and  other  facilities  normally  provided 
by  local  enterprise. 

Of  the  water  development  costs,  total 
costs  of  installation  for  I966  through 
2020  range  from  about  $24  billion  to 
$30  billion. 

Average  annual  installation,  operation, 
maintenance,  and  replacement  costs 
between  I966  and  I98O  would  be  about 
$700  million  for  OBERS  and  Series  D-1970 
projections,  and  about  $800  million  for 
Base  Plan  Projections. 


For  the  first  five  years  of  this  period, 
federal  and  non-federal  agencies  actu- 
ally spent  about  $1.1  billion  annually 
for  water  development,  a good  part  of 
it  representing  the  large  investment 
by  California  in  its  State  Water  Project. 
Annual  federal,  expenditures  anounted  to 
about  $163  million  of  this  amount,  con- 
siderably less  than  the  $300  million  to 
$400  million  estimated  for  OBERS  and  Base 
Plan  projections  respectively. 


Environmental  Impact; 


The  retention  or  creation  of  open  space 
vrill  help  minimize  the  environmental 
impacts  of  intensified  human  activity. 
Nevertheless,  expanding  cities,  ports, 
industries  and  utilities,  lengthening 
roads,  and  increasing  use  of  land  for 
crops,  recreation  and  timber  surely 
will  alter  tne  present  enviroament. 

The  extent  uo  which  such  alterations 
will  impair  the  quality  of  life  will 
depend  upon  the  manner  in  whicn  they 
are  effected  and  tiie  extent  to  which 
any  adverse  effects  can  be  mitigated. 


Although  fertilizers  and  pesticides 
will  increase  crop  yield,  they 
create  well-publicized  problems  of 
residue  disposal. 


Although  the  treatment  of  water  to 
improve  its  quality  would . enh.ance 
habitat,  aesthetics,  and  opportuni' 
tics  for  recreation,  it  also  would 
necessitate  controULed  dispose-  of 
salts  and  other  treatment  residue. 


Although  desalination  plants  provide 
an  alternative  to  reservoirs,  they 
will  increase  both  the  need  for  ade- 
quate waste  disposal  and  the  demand 
for  power. 


Although  powerplants  located  along 
the  ocean  will  provide  the  power 
needed  to  supplj"  expanding  cities, 
they  will  discharge  waters  whose 
possible  thermal  effects  upon  ocean 
environment  require  further  study. 


. Although  levees,  stream  channel- 
izations, and  navigation  facili- 
ties will  enhance  urban  environment, 
their  design  to  minimize  adverse 
effects  upon  estuaries,  lagoons,  or 
coastal  marshes  will  increase  costs. 

. Although  increased  efficiencies  in 
the  use  of  agricultural,  industrieil, 
and  municipal  water  will  save  water, 
they  will  eliminate  return  flows 
which  presently  sustain  wetlands 
and  riparian  vegetation. 

. Although  decreasing  the  sediment 
load  of  streams  by  preventing  wild- 
fire and  erosion  would  improve  the 
fishery,  it  would  lessen  the  flow 
of  sediments  needed  to  sustain 
beaches. 

. Although  reservoirs  would  provide 
a lake  fishery,  they  would  elimin- 
ate wildlife  habitat  and  a stream 
fishery;  and  aJ.though  they  would 
provide  smooth  water  for  sailing, 
they  would  eliminate  white  water 
for  canoeing. 

. Although  controlled  releases  from 
reservoirs  would  reduce  flow  in 
times  of  flood  and  increase  flow  in 
times  of  drought,  such  modification 
of  river  regimen  would  change  chan- 
nel conditions  and  alter  the  rhythm 
of  seasonal  changes  in  habitat. 


Evaluation  of  Plans 

The  attempt  to  combine  individual  plans 
for  irrigation,  power,  flood  control, 
etc.,  into  a single  master  plan  empha- 
sized the  problem  of  balancing  econondc 
growth  against  resource  preservation. 

The  resolution  of  problems  of  competing 
needs  requires  further  specific  study 
and  the  setting  of  priorities  by  the 
people  of  the  Region.  The  need  to 
build  dans  must  be  weighed  against  the 
need  to  preserve  wild  rivers.  The 
need  to  preserve  beaches  must  be 
weighed  against  the  need  to  expand  ports 
and  construct  powerplants  at  ocean  sites. 


All  plans  face  the  uncertainties  of 
timing  and  of  public  acceptance. 

Timing  water  development  depends  both 
upon  the  projection  of  needs  employed 
(Base  Plan,  OHERS,  Series  D-1970)  and 
upon  the  individual  area  involved.  The 
differing  projections  call  for  water 
development  to  begin  as  early  as  i960 
or  as  late  as  1995 j but  these  estimates 
are  for  the  Region  as  a whole.  Individ- 
ual areas  might  require  specific  devel- 
opment earlier  or  later  than  th.ose 
specified  by  the  projections. 

Uncertainties  of  public  acceptance  face 
each  level  of  government.  The  Federal 
Government,  for  example,  could  neither 
expand  recreation  funding  nor  use  more 
public  land  for  recreation  without 
public  acceptance.  The  state  govern- 
ments coifld  not  match  federal  recrea- 
tion funding,  nor  acquire  beaches,  nor 
make  certain  state  lands  available  for 
recreation  without  public  acceptance. 
Local  government  could  not  provide  tax 
incentives  to  encourage  businessmen  to 
meet  local  recreational  needs  without 
encouragement  from  citizens,  neighbor- 
hoods, and  schools. 

Development  of  the  overall  plan  will 
proceed  by  increments  which  meet  imme- 
diate needs.  Prior  to  adoption,  each 
increment  and  its  alternates  should 
undergo  legislative  and  civic  review 
of  possible  short  and  long  term  environ- 
mental and  economic  effects,  of  public 
acceptability,  and  of  needed  funding 
priorities.  In  the  past,  about  twenty 
years  has  elapsed  between  the  initia- 
tion of  planning  and  that  of  operation 
of  a water  development  project.  This 
time  lapse  probably  will  increase  as 
projects  cone  to  require  more  intense 
legislative  and  civic  weighing  of  envi- 
ronmental effects  and  of  alternate 
plans. 

Legislation  Required 

Appendix  III  discusses  existing  laws 
and  institutions  in  areas  of  water, 
land,  fish,  wildlife,  and  aesthetie 
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resources,  and  in  areas  of  environmental 
control.  It  relates  these  to  tiieir  his- 
torical perspectives  and  recommends  modi 
fications  which  will  meet  the  challenges 
of  future  development.  It  urges  an 
increase  in  federal  <and  state  participa- 
tion in  the  development  and  regulation 
of  water  and  of  water- related  resources. 
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It  recommends  development  oi  a compre- 
hensive regional  (and  national)  water 
resources  code.  Such  a code  would  cover 
the  development,  retaliation,  and  ■-■■’•jrdi- 
nation  of  all  resources  in  the  Kct ion. 

Projects  outlined  in  fnis  framework 
study  would  be  constructed  only  as  fne 


need  for  t;ierr.  is  demonstrated.  Lejjis- 
latures  will  consider  that  need  together 
with  f\mding  possibilities  only  as  spe- 
cific projects  are  proposed  for  legis- 
lative authorization. 


Conclusions 

iiirough  2020,  the  growing  Region  will 
possess  resources  of  land  and  water  to 
supply-  most  of  its  needs.  It  will 
possess  sufficient  water  to  satisfy 
all  inhaoitants  except  possibly  those 
of  the  Uorth  Lahontan  Subregion,  although 
eventually  it  will  lacx  sufficient 
waterfowl  to  satisfy  its  hunters,  and 
it,  will  import  meat,  timber,  and  min- 
erals in  increasing  amounts.  Crop 
yields  per  acre  and  per  acre- foot  will 
continue  to  increase. 

To  meet  its  demands  for  electric  power 
the  Region  must  build  large  steam- 
electric  plants  along  its  Pacific  Ocean 
shores;  it  must  adopt  site  selection 
and  construction  guidelines  which  will 
keep  tiie  impact  upon  th.e  environment 
wio'nin  acceptable  levels. 

Water  quality  control  measures  will  con- 
tinue to  lag,  behind  needs  until  about 
,tX)0.  The  Region  must  coordinate  its 
planning  for  control  of  water  quality 
and  for  operation  of  reservoirs,  and 
'.ust  iiirtiier  refine  its  laws  and  its 
nstitutional  standards. 

A ma,jor  flood  ])robloir.  area,  the  Region 
must  ta^tc  additional  measures,  both 
non- structural  and  structural,  so  as 
-o  expaJid  its  prograrri  of  flood  control, 
.ne  urgent  need  to  control  floods  may 
necessitate  earlier  construction  of 
multipurpose  reservoirs. 

i'he  ust  supplement  its  existing 

pro(  ra'.w  :■  t'ish  and  ;;air,o.  .it  e.hould 
provide  tue  water  and  land  needed  to 
produce  sufficient  fish  and  game  to 
maten  its  projections  of  demand.  It 
siiould  provide  recreational  facilities 
at  a rate  wiiich  will  match  that  of 
expanding;  recreational  needs.  It  should 


provide  parks  and  playgrounds  for  crovjded 
cities  and  should  plan  to  preserve  areas 
of  wilderness,  seashore,  open  space, 
and  historical  and  archeological  interest. 
It  should  protect  its  seashore  and  rec- 
reational aresLS  by  zoning  and  by  improv- 
ing means  of  public  access.  It  should 
carefully  balance  its  needs  for  wild, 
scenic,  or  recreational  streams  against 
its  needs  for  developed  water  supplies. 

The  Region  will  need  to  expeind  its  facil- 
ities for  commercial  navigation  to  sat- 
isfy the  continuing  trend  tcr/.-ard  larger 
ships  and  specialized  handlini";  of  cargo. 

It  will  need  to  expand  facilities  for 
shallow  draft  boats,  and  to  provide  Jiar- 
bors  for  their  refuge  from  storms  along 
its  coastline.  It  will  need  to  expand 
its  control  of  shoreline  erosion  to  pro- 
tect increasing  values. 


Existing  facilities  for  water  supply 
will  meet  the  Region's  short-term  needs 
for  water.  In  the  past,  the  Region 
has  taJ^en  about  20  years  to  plan  and 
then  build  each  of  its  large  water  proj- 
ects. In  the  iiiture,  this  time  span 
between  the  plan  and  its  execution  prob- 
ably will  lengthen;  Sites  are  less 
desirable;  consideration  of  alternate 
sites  and  of  ecological  factors  will  be 
more  detailed. 

At  1965  price  levels,  estimated  probable 
average  annual  costs  for  planned  water 
development  between  I966  and  I98O  ran 
between  $700  to  $800  million.  Estimated 
actual  average  annual  costs  between 
1966  and  1970  are  $1,1  billion.  Of 
this  amount,  estimated  annual  costs  of 
the  Federal  Government  are  $163  million. 

These  framework  studies  have  identified 
certain  alterations  to  the  environment 
which  could  result  from  increasingly 
intense  use  of  the  Region's  resources. 
^:ore  specific  studies  undoubtedly  will 
identify  additional  alterations.  If 
tlie  Region  wishes  both  to  satisfy  its 
needs  aid  to  protect  its  environment, 
it  must  provide  money,  technical  skills, 
and  administrative  skills.  It  must 
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develop  public  awareness  of  potential 
problems  and  possible  solutions. 

iiirt’oer  Studies 


lAu’ther  studies  needed  to  develop  plans, 
assess  alternatives,  and  consider  envi- 
ronmental effects  include  the  following: 

1.  Studies  to  discover  alternative 
means  of  providing  TOter  supply: 

(a)  by  determining  the  feasibility  and 
environmental  effects  of  large-scale 
plants  combining  po^^rer  generation  with 
the  desalination  of  sea  and  waste  water, 
and  by  then  constructing  and  operating 
prototype  plants,  and  (b)  by  determin- 
ing the  feasibility  of  geothermal 
steam  wells  as  sources  of  water  and 
power,  and  (c)  by  discovering  ways  to 
lo^rer  water  consumption  as  a means  to 
water  conservation. 

2.  A study  to  determine  the  impact  of 
changes  in  land  use  or  vegetative  cover 
upon  erosion  and  sedimentation,  and  upon 
the  quality  and  quantity  of  water  in 
streams. 

3.  A study  to  suggest  needed  modifica- 
tions in  existing  statutes  affecting 
land  management,  and  to  suggest  any 
necessary  new  statutes,  and  to  suggest 
ways  to  encourage  private  landowners 

to  retard  runoff,  erosion,  and 
sedimentation. 

U.  A study  of  low-cost  fire  retardants, 
of  new  vrays  to  determine  the  worth  of 
resources  protected  from  fire,  and  of 
new  ways  to  detect  forest  and  brush 
fires,  and  to  predict  their  behavior. 

5.  A major  study  to  determine  the  im- 
pact upon  water  quality  of  massive 
water  development  projects,  and  to 
include  the  collection  of  field  data, 
the  development  of  sophisticated  mathe- 
matical models,  and  suggestions  for  the 
allocation  of  water  diiring  drought. 

6.  A study,  requiring  basic  research 
findings,  to  discover  how  to  control 
th"  pro<luction  of  algae  in  Upper 
lilamath  Labe. 


7.  A study  (a)  to  find  ways  to  elimin- 
ate pollution  from  Spring  Creek  mining 
operations  in  the  Sacramento  Basin  Sub- 
region,  and  from  animal  feedlots  and 
abandoned  gas  wells  in  the  San  Joaquin 
Basin  Subregion;  and  (b)  to  determine 
the  effects  of  polluted  effluents  from 
waste  water  disposal  plants,  thermal 
powerplants,  animal  feedlots,  irrigated 
farmland,  and  other  urban,  industrial, 
and  agricultural  sources  upon  the 
coastal  marine  environment  of  the  South 
Coastal  Subregion;  and  (c)  to  find  ways 
to  alleviate  those  effects, 

8.  A study  of  toxicity,  biostimulation, 
dispersion,  and  ocean  outfalls  in  the 
San  Francisco  Bay  area. 

9.  A study  of  the  long-term  effects 
upon  the  marine  environment  of  contin- 
ued offshore  drilling,  and  of  massive 
oil  spills. 

10.  Studies  to  determine  the  value  of 
building  petroleum  terminals  in  the  open 
ocean  off  the  California  Coast  as  an 
alternative  to  centralizing  petroleum 
terminals  on  deepened  navigation  channels 
in  the  harbors  of  San  Francisco  Bay, 

Los  Angeles,  and  Long  Beach. 

11.  Studies  of  the  heavily  populated 
South  Coastal,  San  Francisco  Bay,  and 
Central  Coastal  Subregions  to  resolve 
recreation  problems  stemming  from  urban 
growth,  from  coastal  development,  and 
from  needs  to  preserve  open  space. 


between  projects  involving  construction 
and  those  involving  preservation  of 
wild  and  scenic  rivers. 

13.  More  intensive  study  to  determine 
specific  outdoor  recreation  developments 
to  satisfy  unmet  demands  in  heavily 
populated  areas. 

14.  A study  to  determine  specific  fish- 
ery and  wildlife  habitat  developments 

to  satisfy  the  unmet  demands  of  anglers 
and  hunters. 

15.  A study  to  analyze  further  the 
impact  of  storage  and  conveyance  plans 
on  the  fishery  and  wildlife  habitat  of 
the  North  Coastal,  Sacramento  Basin, 
and  Delta-Central  Sierra  Subregions. 

16.  A study  to  determine  acceptable 
sites  for  thermal-electric  powerplants. 

17.  Studies  of  the  littoral  drift  of 
sand  along  the  coastline  and  of  tlie 
effects  of  docks,  fills,  jetties,  and 
other  development  along  the  coastline. 

Recommendations 


1.  Use  these  studies  as  a guide  to  tlie 
preservation  and  development  of  the 
water  and  related  land  resources  of  the 
Region. 

2.  Accelerate  study  of  possible  recon- 
ciliation among  conflicting  demands  of 
development  and  preservation. 


12.  Studies  of  the  North  Coastal  Sub- 
region  to  resolve  potential  conflicts 


3.  Act  to  preserve  those  shorelines, 
wilderness  areas,  wild  and  scenic 
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rivers,  and  other  natural  and  historic 
areas  which  study  shows  should  be  set 
aside  for  continual  enjoyment. 


4.  Carry  out  the  studies  listed  under 
"Conclusions". 

5.  Accelerate  current  programs  to 
reduce  floods,  erosion,  wildfire,  and 
degredation  of  water  quality,  as  well 
as  current  programs  to  manage  land  so 
as  to  preserve  its  productive  capacity 
as  range  land  and  timberland  and  farm 
land;  develop  specific  plans  for  rec- 
reation, fish,  and  wildlife  facilities; 
study  problems  of  coastal  shoreline, 
estuaries  and  electric  power  supply'; 
assess  environmental  effects;  and  involve 
federal,  state  and  local  governments, 

as  well  as  private  interests,  in  all 
planning. 

6.  Initiate  further  specific  studies 
of  the  development  of  water  supplies 
by  water  storage  and  stream  regvilation, 
including,  for  consideration  by  the 
public  and  the  legislature,  assessments 
of  environmental  impact  and  of  alterna- 
tive approaches. 

7.  Strengthen  and  coordinate  legal  and 
institutional  standards;  and  obtain 
further  legislative  guidance  regarding 
the  balance  between  preservation  and 
orderly  development. 

8.  Provide  flexible  plans  which  incor- 
porate alternatives  that  will  accommo- 
date changing  conditions;  periodically 
review  and  update  framework  plans. 
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